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Annotations 
Pain relief 


Do children feel pain? 


It is not so long ago that clinicians felt that ‘children 
seldom need medication for the relief of pain after 
general surgery’.! Twenty years ago in Chicago, 
only two out of 60 children received analgesia 
postoperatively. Similarly only 26 of the 189 
children on an intensive care unit (where invasive 
procedures are common) received opiate analgesia. 
Taat children feel pain but do not complain of it was 
shown by Mather and Mackie who interviewed 170 
children recovering from surgery.” Seventy (40%) 
reported moderate or severe pain on the day of the 
operation. Children would read or watch TV in 
order to distract themselves from the pain. They 
would therefore appear to be pain free, whereas on 
direct questioning they would confess to having 
pain.” 

Many theoretical reasons have been proposed as 
© why the newborn infant may not feel pain.? 
Anand and co-workers, however, have shown that 
preterm babies in response to surgery have bio- 
chemical changes consistent with stress.* These 
biochemical changes were reduced by administra- 
tion of opiate analgesia (fentanyl). Also, babies 
receiving analgesia had fewer postoperative 

«complications. 


Do doctors prescribe appropriate analgesia? 


‘Several studies have shown that it is not uncommon - 


-fcr children to have no analgesia prescribed post- 
«operatively, even after major cardiac surgery.” > 

m=Children are more likely to be prescribed weaker 

aanalgesia than adults undergoing similar surgery.’ A 
~<¢cent questionnaire showed that although 80% of 
saec'ntric anaesthetists believe that neonates feel 
gain, only. 11% would usually prescribe opiate 
analgesia after major surgery. Over 40% were 
‘eluctant to prescribe opiate analgesia for infants 
4p to the age of 3 months. It is quite clear that 
rany doctors. are frightened of the clinical effects of 
piate analgesia despite the paper by Anand 
«ind co-workers, which showed that opiate analgesia 
s not only safe but also actually reduces compli- 
‘ations. 


Do nurses administer prescribed analgesia? 

Our fear ofthe effects of opiates in children has 
been conveyed to the nursing profession. In the 
study by Mather and Mackie, 39% of opiates 
prescribed were not given.” In 29% of cases a 
weaker analgesic was given and it would appear that 
nurses feel it is safer for the patient to receive the 
less potent analgesic where more than one drug is 
prescribed. Adults received more than twice as 
many analgesics as children after major cardiac 
surgery.” On the fifth postoperative day, 50 adults 
received a total of 136 doses of analgesics whereas 
an equal number of children received a total of 10 
doses of analgesics. Children received on average 
two doses each day during the first three post- 
operative days. It is young children who suffer the 
most. The 12 children who received no analgesia 
postoperatively were all infants and toddlers." 


Opiate infusions 


The use of a continuous infusion of morphine in 
children was first described by Miser et al in 1980.7 
Eight children with terminal malignancy and severe 
pain unresponsive to both oral and intermittent 
opiates were successfully treated with morphine 
infusions. Both children® and adults? ° have less 
pain postoperatively when given a morphine in- 
fusion than with intermittent morphine. The safety 
of opiate infusions is shown by the experience in 
Perth where over 600 children have been treated 
and only one child required naloxone.!! The advan- 
tage of an infusion is that as well as preventing pain 
(rather than waiting for a patient to complain of pain 
and then administering analgesia), it also avoids 
painful intramuscular injections which for some 
children are as distressing as the pain itself. 


Are neonates and infants sensitive to opiates? 


There is some evidence to suggest that children 
under the age of 6 months are more sensitive to 
opiates. The newborn infant in particular may be 
more sensitive to. respiratory depression with 
morphine than adults.” Irregular breathing and 
seizures have been reported in infants and neonates 
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receiving a morphine infusion.* © Other papers 
have, however, suggested that morphine is safe in 
the neonatal period. 1416 The neonate may also be 
more sensitive to fentanyl.” 


Morphine metabolism 


The half life of morphine in plasma is greater in 
newborn infants than in older infants because of 
reduced clearance.! Lower doses of morphine in 
neonates would therefore appear to be rational. The 
situation is however complicated by the formation of 
morphine-6-glucuronide and morphine-6-sulphate, 
bcth active metabolites of morphine. Both are more 
pctent analgesics than morphine in animals. 1a 
Morphine- -6- -glucuronide is an effective analgesic 
when given to adults,”° and is present in plasma in 
higher concentrations than morphine itself after 
repeated oral administration of morphine. 21 The 
formation of morphine-6-glucuronide is likely to be 
reduced in neonates as glucuronidation of other 
drugs is impaired in the neonatal period. Also, in 
vitro studies with fetal liver show a reduced ability to 
form morphine glucuronides.” Little is known of 
the metabolism of morphine in neonates or children, 
or of the respective roles played by morphine, 
morphine-6-glucuronide, and morphine-6-sulphate 
in relation to analgesia and respiratory depression. 
As well as differences in the metabolism of opiates, 
animal studies have shown that opiate receptors may 
net be fully developed in the neonatal period. 


Canclusion 


It :s clear that the present management of pain relief 
in children can be improved considerably. Opiate 
infusions should be used more frequently in the 
postoperative period. Morphine is probably the drug 
of choice in that it has been used extensively and is 
. both safe and effective. The protocol developed by 
Bray involves a morphine infusion of 20 pg/kg/hour, 
and if no opiate has been given with the pre- 
medication, an initial bolus dose of 200 pg/kg. The 
infusion is usually required for 24 to 48 hours and 
the infusion rate adjusted for each individual patient. 
Neonates receiving mechanical ventilation tolerate 
the same infusion rate of morphine (20 g/kg/hour) 
after surgery or painful procedures (for example, 
insertion of pneumothorax drain). For spontaneously 
breathing neonates, however, intensive monitoring 
must be utilised in view of the possibility of 
respiratory depression.”* In these babies and also in 
infants under the age of 12 months it is probably 
advisable to use an initial lower dose of morphine 
(1C pg/kg/hour) until our understanding of analgesia 
in :nfancy has improved. 


Dr Dhoonara is an MRC Travelling Fellow. 
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Does early intervention ‘work’? 


Proponents of American Head Start programmes in 
the 60s and early 70s promised boldly that preschool 
attendance would increase the intelligence, school 
attainment, and self concept of disadvantaged ċhil- 
dren. Similar optimism lay behind the British 
Educational Priority Area programmes that were 
aimed at eradicating social inequality by helping 
children from poor families to participate at school 
on an equal footing with their more privileged 
peers.’ The first wave of evaluation studies on both 
sides of the Atlantic was so cheering that optimism 
reigned for several years. Then came the disappoint- 
ing ‘wash-out’ research, notably the Westinghouse 
study showing a grim picture of ‘extra’ skills which 
disappeared three to four years after children left 
the preschool.” 

There was much pessimism about early education 
until a group of American researchers began a 
rigorous study of the long term effects of compensa- 
tory education.? They ignored ‘garden variety’ 
programmes (which excluded most of the federally 
funded Head Start) and focused instead on interven- 
tion projects that employed rigorous research de- 
signs. Lazar et al limited the follow up study to the 
effects of preschool projects with sample size greater 
than 100 children, which employed quantitative 
assessment measures, comparison or control groups, 
and follow up after children entered school. By 
these strict criteria 11 carefully monitored program- 
mes were chosen for follow up study. Approxi- 
mately 2000 preschool ‘graduates’ were tracked 


down in adolescence and researchers investigated 
their school and employment records, as well as 
interviewing their families. 

Results showed clearly that attendance at excel- 
lent, cognitively orientated preschool programmes 
was associated with later school competence. More 
specifically, preschool graduates were less likely to 
be assigned to ‘special’ schools or to be retained in 
grade. At interview, researchers found that pre- 
school graduates were more likely than controls to 
give achievement related answers to the invitation 
‘tell me something you’ve done that made you feel 
proud’. The interviews with children and parents 
showed that early education affected the achieve- 
ment orientation of the entire family, giving the 
child confidence in his own self efficacy. 

The most carefully controlled of all 11 program- 
mes reviewed by Lazar et al was the High/Scope 
project. The table summarises the main findings 
on 123 children who were followed up to the age of 
19. A sophisticated cost-benefit analysis was carried 
out and it showed that ‘for every $1000 that was 
invested in the preschool programme, at least $4130 
(after inflation) has been or will be returned to 
society’. These calculations were based on the 
financial cost to society of juvenile delinquency, 
remedial education, and joblessness—set against the 
running costs of an excellent preschool programme. 

Although American studies cannot prove that al! 
preschool programmes will cause lasting improve- 
ments, they do demonstrate that early education can 


Table Major findings at age 19 in the High/Scope study (n=123)! 











Category Group 
Attended Did not p Value 
preschocl attend 
preschool 
% Employed (n=121) 59 32 0-032 
% High school graduate 
(or its equivalent) (n=121) 67 49 0-034 
% With college or vocational training (n=121) 38 21 0-029 
% Ever detained or arrested (n=121) 31 51 0-022 
Females only: teen pregnancies/100 (n=49) 64 117 0-084 
Functional competence 
(APL survey: possible score 40) (n=109) 24-6 21-8 0-025 
% Of years in special education (n=112) 16 28 0-039 
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change the course of children’s lives.” Furthermore 
the High/Scope study strongly suggests that the 
mechanism for increasing school competence and 
employment is the child’s positive attitude towards 
achievement and parents’ increased aspiration for 
thei: offspring. The vigour of the American re- 
search, coupled with a plausible theoretical model, 
justifies optimism about cognitively structured 
programmes. But do they affect all children equally? 
The most recent research on Head Start in the 
United States suggests that the children who benefit 
most from preschool are those from the most 
disadvantaged backgrounds.® 

There is less longitudinal research in Britain. The 
massive Child Health and Education (CHES) study 
gives cause for concern by showing great variation in 
the social backgrounds of children who attend 
different forms of provision; the better off go to 
playgroup and the most disadvantaged attend day 
nursery.” McGuire and Richman have documented 
greater severity of behaviour problems in the day 
nursery population, when compared with many 
nursery schools or playgroups. The CHES study has 
shown that children who attend day nursery go on to 
careers as poor readers and mathematicians in school. 

The picture is now fully drawn: (a) educationally 
oriented preschool programmes can prevent cogni- 
tive and behavioural problems later in life’; (b) the 
children most at risk of behavioural and intellectual 
problems attend day care provision; and (c) there is 
an urgent need to improve educational provision in 
day nurseries if the ‘life chances’ of so many 
disedvantaged children are to be improved.” 
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Original articles 


Click evoked otoacoustic emissions compared with 
brain stem electric response 


J C STEVENS,* H D WEBB,* J HUTCHINSON,+ J CONNELL,t M F SMITH,+ AND 
J T BUFFIN§ 


Departments of * Medical Physics and Clinical Engineering and §Ear, Nose and Throat, Royal Hallamshire 
Hospital; tDepartment of Audiology, Sheffield Children’s Hospital, and North Trent Neonatal Intensive 
Care Unit, Jessop Hospital for Women, Sheffield : ; 


SUMMARY The hearing of 346 babies taken largely from a neonatal intensive care unit has been 
tested by otoacoustic emissions and brain stem electric response audiometry. A total of 336 
(97%) of the babies have been followed up by hearing tests from the age of 8 months. The oto- 
coustic emission test has been found to be practical with a mean test time of 12-1 minutes 
compared with 21-0 minutes for brain stem electric response. An otoacoustic emission was 
recorded bilaterally in 274 (79%) babies. Twenty of the 21 surviving infants who failed brain stem 
electric response in the neonatal period did not produce an emission. It is concluded that the 
otoacoustic emission test would make a good first screen to be followed by the brain stem electric 
response if no otoacoustic emission was present. There is poor agreement between the test results 
in the neonatal period and those of the follow up period, however, indicating the need for 


continuous monitoring of those babies failed by brain stem electric response. 


Infants are not normally screened for hearing 
impairment before the age of 8 months when the 
ability to localise sounds is used. It is now generally 
agreed that the detection of hearing impairment 
before this age is desirable. Reports in the literature 
on the success of this screen at 8 months to detect a 
high proportion of the severely hearing impaired 
vary—for example, Newton reports a success rate of 
only 55%,' whereas McCormick indicates that a 
high success rate can be achieved with good organisa- 
tion and training.” The advent of equipment that 
measures such reflexes as movement, startle, and 
respiration and the use of the brain stem electric 
response has led to many studies of hearing at birth 
with varying degrees of success. For example 
Murray et al, in their review of the use of the brain 
stem electric response test, report a confirmation 
rate of 4-8 to 100% of hearing impaired from follow 
up studies of infants who failed the brain stem 
electric response test at birth.? 

Recently another possible method of detecting 
hearing impairment at birth has arisen, that of click 
evoked otoacoustic emissions. The phenomenon 
was first reported by Kemp in 1978.* Since then 
there have been many studies showing that the click 


evoked otoacoustic emission can be recorded in 
most normally hearing adults and more recently in 
normal newborns and in babies admitted to a special 
care unit.>’ It has also been shown that the click 
evoked emission is not present in adults when the 
hearing loss exceeds about 15 dB.* *!° The question 
remains as to whether it is possible to use the 
otoacoustic emission to identify the hearing impaired 
newborn infant. Since May 1985 we have been 
carrying out a prospective study to investigate this. 
As in other studies we have selected babies admitted 
to a neonatal intensive care unit as being a con- 
venient test group where the incidence of hearing’ 
impairment is known to be higher than in the whcle 
population. 

One problem of prospective studies is that there is 
evidence that some hearing impairments detected by 
tests at birth appear to improve with age,’ and 
others may appear later on in the first year of life.!! 
To enable the results of the otoacoustic emission test 
to be compared with a second test at birth, brain 
stem electric response was carried out at the same 
time. 

In an earlier paper we published results of tests on 
30 normal newborns and preliminary results on the 
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first 112 infants in the prospective study.’ This paper 
presents the results on the first 346 babies who have 
entered the study and who have been followed up to 
at least 12 months of age. 


Subjects and methods 


The aim of the prospective study was to test all 
babies admitted to the North Trent Neonatal 
. Intensive Care Unit at the Jessop Hospital for 
Women in Sheffield. In practice only a proportion of 
the babies could be tested. In addition a small 
number of babies considered to be at risk of hearing 
impairment were tested as outpatients. During the 
period of testing reported here (August 1985- 
September 1987) 43-3% of babies admitted’ were 
tested as inpatients before leaving the unit and a 
further 8-7% on recall as outpatients giving a total of 
52%. Excluding the 9-5% who died and the 1-6% 
who were in the unit for non-medical reasons there 
were several reasons for not testing the remaining 
36-9%._A total of 15-8% were only in for 48 hours 
and were not tested as the risk of hearing impairment 
was considered to be no different to normal new- 
borns, 11-3% were missed but considered by the 
paediatrician to be at low risk and so not recalled, 
and 9-8% who had been transferred back to their 
referring unit could not be recalled. 

The mean birth weight was 2220 g (range 540-4890) 
and the mean gestational age 34 weeks (range 
24-42). The mean postconceptional age when tested 
was 37-5 weeks (range 32-49) for inpatients and 
47 weeks (range 40-59) for outpatients. 

Both ears of each baby were tested by otoacoustic 
emission and brain stem electric response. The tests 
were carried out as near as possible to the time at 
which the baby left the unit. If the baby was 
transferred to the referring unit when too young or 
too sick to test it was recalled, if possible, to be 
tested as an outpatient. Any baby that failed to 
produce a brain stem electric response at or below 
43 dB normal hearing level (nHL) in one ear and 
53 dBnHL in the other was recalled for a further 
brain stem electric response test. Initially the criteria 
was 43 dBnHL in either ear but this produced too 
many requiring a retest. It was argued that the 
modified criteria was acceptable as the management 
of the child would be unaffected by this change. 
Where possible a retest was carried out while the 
baby was still in the unit, otherwise it was carried 
out on an outpatient basis at 4-6 weeks corrected 
age (that is, post due date). Tympanometry was 
attempted as a means of investigating middle ear 
disease, but was abandoned as being too difficult to 
carry out on all babies. The methods for otoacoustic 
emission and brain stem electric response recording 


have been given in an earlier paper.’ The only 
modification since then was on the scoring of the 
recorded waveforms. The decision on the presence 
of a response was first made by the tester and an 
experienced user scoring independently. Where 
there was a disagreement then a third experienced 
user of these tests, scoring independently, was used 
to arbitrate. 

All babies entering the study were recalled for 
distraction testing and tympanometry at 8 months 
corrected age. To pass the distraction test the baby 
had to elicit a full head turn to a range of stimuli 
covering the audiometric frequencies. It was intended 
that the persons involved in this follow up should 
have no knowledge of the results at birth. Although 
this was the case for most babies, in a few instances, 
particularly where the tests at birth had involved 
considerable follow up, it was possible that the 
tester could gain some knowledge of the results at 
birth. All babies not passing the distraction test at 
30 dBnHL in each ear were recalled at approximately 
three to six month intervals until they were passed at 
this level. 


Table 1 Neonatal screen and follow up tests to 3 months 
corrected age 











First Second Final 
screen* test outcome 
(n=346) (n=42)  (n=346) 
No (%) with no 
otoacoustic emission 72 (20-8) 
No (%) who passed 
BSER 18 (5-2) 323 (93-3) 
No (%) who failed 
BSERt 42 (12-1) 9 (2-6) 23 (6-6)§ 
No (%) with no 
otoacoustic emission: 
Who failed BSER 30 (8-7) 
Who passed BSER 42 (12-1) 
No (%) with otoacoustic 
emission present: 
Who failed BSER 12 (3-5) 
Who passed BSER 262 (75-7) 
Not tested 12 (3-5) 
Did not attend 2 (0-6) 
Died 1 (0-3) 2 (0-6) 
Risk:|| 
Low I (3-2) 
High 12 (3-5) 





BSER=brain stem electric response. 

*Fifteen were excluded from trial. 

+The pass criteria for the BSER test was a response at 43 dBnHL in 
one ear and 53 dBnHL in the other. 

§The figure of 23 who failed BSER includes the two who 
subsequently died. 

High risk is defined as those who failed the final BSER result in 
the worse ear at 273 dBnHL if tested at-a corrected age of less than 
one month plus those who failed at =63 dBnHL if tested at a 
corrected age of >1 month. Low risk are the remainder of the 23 
who did not pass the BSER test. oe é 
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Results 


The results of the otoacoustic emission and brain 
stem electric response tests carried out in the 
neonatal period and the distraction tests carried out 
from 8 months corrected age are presented in tables 
1-5. A total of 346 babies entered the trial between 
August 1985 and September 1987. 

For inpatients the mean time taken for each test 
for a sample of 92 infants was 12-1 minutes (range 


Table 2 Follow up tests starting at 8 months of age 





Outcome to date 
independent of 


First distraction 
fest screen 





(n=346) number of tests 
(n=346) 
No (%) failed at (dBnHL): 
>30/30 98 (28-3) . 
40/30" 
anao } 30:4145) 
40/50 
5080 } eA) 
50/60 
sven | 23: (6-6) 
No (%) passed at 
30/30 (dBnHL) 283 (81-8) 
No (%) failed at 
>30/30 (dBnHL) 45 (13-0) 
Not able to test 8 (2-3)* 3 (0-9)* 
Did not attend 10 (2-9) 10 (2-9) 
Died 5 (1-4}t 5 (1-4)t 





“Inconsistent (n=1), uncooperative (n=1 ;. 

-Three babies died between the neonatal ‘tests and the screen at 
8 months of age. They passed the brain stem electric Tesponse at 
birth on first testing. 


5-23) for the otoacoustic. emission test and 21-0 
minutes (range 11-50) for the brain stem electric 
response test. The mean values increased to 17-8 
minutes (n=19) and 24-1 minutes (n=20) respectively 
for outpatients. The outpatients required an addi- 
tional feeding time of approximately 20 minutes. 

As the age of the infant increased the ability to 
carry out both tests successfully was reduced. 
Whereas between 0 and 6 weeks corrected age (post 
due date) the tests on all 61 babies were successful, 
between 7 and 12 weeks corrected age (n=39) and 
above 12 weeks (n=21) only 36 (92-3%) and 
15 (71-4%) respectively were successful. 


Table 4 Comparison of the final outcome of BSER tests 
carried out in the neonatal period with the otoacoustic 
emission screen 
Sn st es 











BSER final outcome Totals 
Pass Fail Fail— Fail— 
(total) low high 
risk risk 
Otoacoustic 
emission screen: 
Present 272 2 1 I+ 274 
Absent 51 21* 10 11+ 72 
Totals 323 23 11 12 346 





BSER=brain stem electric response. 

*Includes one child with otoacoustic emission and BSER failures 
on opposite ears. 

tOne child died from each of these groups. 


Table 3 Comparison of the tests carried out during the neonatal period and the follow up tests starting at 8 months 





Neonatal tests 








Otoacoustic emission (one test) 


BSER (final outcome) 














Present Absent Pass Fail Totals 

No at final outcome who:+ 

Passed <30/30 (dBnHL) 234 49 270 13 (8+5)* 283 

Failed >30/30 (dBnHL) 28 17 38 7 (3+4)* 45 

Not able to test 2 1 2 1 (0+1)* 3 

Did not attend 8 2 10 0 (0+0) 10 

Died 2 3 3 2 (0+2)* 5 
Totals 274 72 323 23 (11+12)* 346 


BSER=brain stem electric response. 








“Figures in parentheses show division into high and low risk groups as defined in table 1. 


Final outcome at 8 months of age (distraction test). 


If the pass level for the distraction test is raised by 10 dB or 20 dB then the total number of failures (column 5) reduces from 45 to 31 or 17. 
Of the 45 failing at 30 dBnHL 36 had abnormal middle ear pressures. The proportion of those with no otoacoustic emission or failing the 
BSER in the neonatal period who failed on follow up is significantly higher (p<0-02 in each case by x?) then the proportion of those wko 


passed in the neonatal period and failed on follow up. 
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Tabie5 Follow up of 12 infants at high risk of hearing impairment based on the result of BSER tests in neonatal period 








(definition in table 1) 
Patient Otoacoustic BSER BSER Distraction Distraction—final test Final 
No emission screen final test screen (actual age. outcome 
Leftiright Leftlright (corrected age years-months) to date 
years-months) 
` 46 No/no 63/73 Did not attend 30/40 20/20 (1-11) Pass 
58 No/no 63/63 Did not attend 250/750 50/50 (1-11) Fail. bilateral 
: conductive* 
65 No/yes >83/>83 >63/>83 (0-3) 70/70 30/30 (1-2) Pass 
102 No/no 53/63 63/63 (0-3) 70/70 30/30 (BSER) (1-11) Pass 
116 No/no 53/73 43/63 (0-1) 40/40 30/30 (1-5) Pass 
159 Yes/no 53/283 53/>83 (0-3) Died — — 
162 Yes/yes 73/53 — Died — — 
(0-1) 
167 Yes/no 43/73 — 70/60 20/20 (1-4) Pass 
(0:2)4 
183 No/no 73/63 >83/43 (0-1) Fail ”? Inconsistent 
results 
224 Atresia/no Atresia/43 = Atresia/60 — L, atresia 
(0-2)4 R, inconsistent 
7 results 
372 Yes/no 43/73 33/>83 (0-3) 60/NRt 50/NRł (1-0) Unilateral 
R sensorineural* 
383 No/no 43/63 — 80/80 60/60 (1-3) Bilateral 
(0-3) mixed* 





BSER=brain stem electric response. 

*Nct yet confirmed by bone conduction tests. 
tNR=no response. 

+Age of test (years-months) added where final test. 


Discussion 


Several studies have shown that the brain stem 
electric response threshold in neonates reduces with 
age when tested particularly up to 40 weeks’ 
postconception.!? We have therefore always tried to 
test the babies at the oldest age possible while still in 
the neonatal intensive care unit. In our study some 
infants leave the unit well before they are old or well 
encugh to test, particularly if they are being trans- 
ferred back to their referring unit. These babies 
were tested as outpatients where possible. One 
solution to this problem is to use a higher pass 
criteria if the baby is tested at a younger age. 
We rejected this solution as there is considerable 
variation in threshold at any age and the use of 
a higher pass level may reduce the number of 
hearing impaired babies detected. 

Both tests have proved practical. The number of 
babies who had to be rejected from the study was 
only 15 compared with the 346 who were successfully 
tested. In all cases but one this was due to excessive 
activity at the time the test was attempted. We have 
previously reported the time it took to carry out 
each test’; this was based on a small sample early in 
the study. The results given in this paper are of a 
more detailed investigation carried out at a later 


date. The mean time to carry out an otoacoustic 
emission compares very favourably with the distrac- 
tion test used to screen for hearing impairment at 
8 months. It is also safe, non-invasive and, unlike 
the distraction test, only requires one tester. The 
brain stem electric response test requires longer, 
largely as a result of the time required to attach the 
electrodes. The results also show that, for this test, 
babies tested as outpatients at a mean corrected age 
of 7 weeks required only a slightly longer test time, 
although the total time was considerably longer due 
to the delays while the baby was being fed before the 
test. As the age increases, however, the results show 
that the proportion of babies who will not sleep for 
the test rises and a practical age limit for this method 
appears to be about 3 months. Although a higher 
proportion may fail either test while in the unit 
than at an older age, the additional costs of the latter 
in time and appointment procedure for the hospital 
and family and the problems of non-attendance 
mean that these screening tests (from a cost point of 
view) are best carried out before the infant leaves 
the unit. ` 

One of the main questions of any screening 
procedure is—does it pass a sufficiently high 
proportion of the populations being tested? The 
results in table 1 show that 79% of the infants 
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produce an otoacoustic emission in both ears on first 
testing. There was little change in the figures for 
sequential groups of 100 babies entering the study 
who produced an emission in both ears (81%, 78%, 
and 83%). Possible reasons why 21% do not 
produce an emission are discussed in our earlier 
report.’ The pass rate of the brain stem electric 
response test is higher but, in a more detailed study 
(to be published), it was found to be very dependent 
on the stimulus level used for the pass criteria. For 
example at a pass level of 43 dBnHL in each ear the 
pass rate for the brain stem electric response test 
was found to be lower than the 79% for the 
ctoacoustic emission test. 

We were able to retest (table 1) 27 of the 42 
babies who did not pass the first screen. The fact 
that two thirds of these passed on second testing 
indicates that on a two test brain stem electric 
response screen at the stimulus levels used in our 
study the final pass figure would be 96%. The final 
cutcome of the brain stem electric response testing 
in the neonatal period left 23 infants who had not 
teen passed. This group was further divided by the 
train stem electric response threshold into a group 
at ‘high risk’ and ‘low risk’ of hearing impairment. 
Some babies who could not be recalled for further 
train stem electric response tests had their last test 
at below a corrected age of 1 month. The criteria for 
the high risk group takes this into account by 
changing the criteria at 1 month of corrected age 
(see table 1). This is based on the reports in the 
literature that the brain stem electric response 
threshold reduces with age.!? 

There is a wide range of published values for 
failure rates for the brain stem electric response tests 
carried out on high risk infants at birth. In their 
review Murray et al give an average failure rate of 
16-5% with a range of 9 to 39%.° We have shown 
that by retesting it is possible to reduce this figure to 
6-6% and if we had retested all the infants to a 
predicted 4%. This figure is in close agreement with 
Nield et al who report an initial failure rate by brain 
szem electric response of 18-8% and a failure rate of 
3-2% on retesting for 605 graduates of a neonatal 
intensive care unit.!! As noted in the method section 
the brain stem electric response pass criteria we 
used—of 43 dBnHL in one ear and 53 dBnHL in the 
other—we consider to be reasonable to detect 
clinically important hearing impairment. It is clear 
from retrospective studies such as that by Newton,! 
however, that the long term incidence of sensori- 
neural hearing impairment is much lower than these 
brain stem electric response failure rates would 
indicate. She found that the incidence of bilateral 
sensorineural hearing loss to be 0-08% overall. This 
increased to 0-5% of live births (1-1% of survivors) 
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for babies of birth weight less than 1500 g. Our mean 
birth weight was 2220 g. A rate of between 0-08 and 
1-1% would therefore be expected for bilateral - 
sensorineural hearing loss; this is much lower than 
the brain stem electric response fail rate. Careful 
examination must therefore be made of those babies 
failing the brain stem electric response at birth to 
decide which are in this category and will need 
treatment. 

The results of the first screen by the distraction 
test at 8 months show the highest failure rate of all 
three screening tests. Like the brain stem electric 
response test at birth the failure rate is very 
dependent on the stimulus level used. The number 
reduces by one half for a 10 dB rise in the pass 
criteria from 30 to 40 dBnHL (table 2). 

The final outcome of the follow up tests to date 
leaves 45 infants who have not passed at 30 dBnHL, 
three who could not be tested, and 10 who could not 
be recalled. All of the latter passed the brain stem 
electric response test at birth. Although this figure is 
reducing as further tests are carried out, the 45 
infants who did not pass represent twice the 
proportion of those not passed at birth. One 
possible reason for this could be that the pass 
criteria at 30/30 dBnHL will fail a higher proportion 
than that used for the brain stem electric response 
test (43/53 dBnHL). Raising the pass level by 10 dB 
reduces the number who failed from 45 to 31 and 
raising it by 20 dB reduces it to 17 (table 3). 
Whichever criteria is used, however, there is little 
agreement between the results at birth and those at 
8 months, although the results show significance 
(p<0-02 by ?, table 3). This is in contrast with the 
much closer association between the outcome of the 
otoacoustic emission screen and the brain stem 
electric response test at birth (table 4) (p<0-0001 by 
x’). Twenty of the 21 infants who failed the brain 
stem electric response on final outcome and survived 
would have been detected by the otoacoustic emis- 
sion screen. Note though that in one infant opposite 
results were obtained on the two ears for the brain 
stem electric response and otoacoustic emission 
tests. These results in table 4 produce sensitivity and 
specificity values of the otoacoustic emission test for 
brain stem electric response final outcome of 95% 
and 85% respectively. 

A large proportion of the 45 infants not passed by 
the follow up tests to date had negative middle ear 
pressures (table 3). Only nine infants of this group 
were reported as having normal middle ear pressures. 
All of these nine passed the brain stem electric 
response on final outcome at birth. 

The lack of agreement between the results in the 
neonatal period and those in the follow up period 
starting at 8 months corrected age raises the question 
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of whether a prospective study can prove that the 
tests at birth are correct. Both the figures of 23 out 
of 346 at birth and 45 out of 346 at 8 months are high 
compared with the expected number for a neonatal 
intensive care unit population, as noted above, and 
must contain many false positives. The lack of 
agreement may simply be due to different causes of 
false positives in the neonatal period and in the 
follow up period. There are many reports in the 
literature of higher incidences than that reported 
here of hearing impairment in neonatal intensive 
care unit populations studied by brain stem electric 
testing. Murray et al, in their review of studies on 
brain stem electric response screening in the new- 
born, report a variation of between 1% and 22% in 
the number of ‘hearing impaired’ from follow up 
work.? The confirmation rate—that is, the proportion 
of brain stem electric response failures later con- 
_firmed as ‘hearing impaired’—varied from 4-8% to 
100%. 

In the study by Galambos et al on babies from an 
intensive care nursery (which represents about half 
of the infants reviewed by Murray et al where the 
follow up work had been carried out) overall 16-1% 
failed the 30 dBnHL brain stem electric response 
screen at birth. From the 54% of those that 
attended the retesting it was estimated that for the 
wholz sample of 1613 infants unilateral and bilateral 
hearing impairments would be found in 2-8% and 
6% respectively and hearing aids fitted to 4%. A 
figure of above 1:100, however, seems unlikely from 
a consideration of total population incidence and 
published retrospective data. McCormick et al, who 
studied the use of the auditory response cradle in a 
neonatal intensive care unit similar to ours,!* found 
three bilateral sensorineural hearing impaired infants 
among the 396 tested, which is much closer to this 
figure than some of the high figures reported in the 
literature. The wide range of values reported by 
Murray et al for the percentage of hearing impaired 
(1-22%) and the wide range of confirmation rates of 
4-8-100% indicate that the brain stem electric 
response test as a prognostic indicator of permanent 
hearing impairment is far from established. 

Most studies on the use of brain stem electric 
response at birth involving large numbers of infants, 
reviewed by Murray et al,> have only followed up 
brain stem electric response failures. Nield et al, 
however, report 11 graduates of a neonatal intensive 
care unit who passed the brain stem electric response 
at birth (response at 30 dBnHL) and were subse- 
quently found to be hearing impaired, and seven 
of these were profound.!! There was, however, 
evidence of hearing in some of these infants later on 
in the first years of life. Galambos et al considered 
that false negatives would be rare.!° This may be 


true in adults but the results of Nield et al suggest 
that when considering long term hearing impairment 
the use of results of the brain stem electric response 
carried out at birth may be limited."' Duara et al 
report on a sample of 278 infants tested by brain 
stem electric response at birth of whom 159 were 
from the intensive care nursery. They again show 
that false positives can occur." Twenty seven of the 
35 who failed the brain stem electric response screen 
at birth (no response at 35 dBnHL in either ear, pass 
if response at 35 dBnHL in first ear tested) had an 
initial audiological follow up between the ages of 
4 and 17 months. Otological examination showed no 
abnormality suggestive of conductive hearing loss in 


any of these 27 infants. Ten of the 27 infants had ~~ 


abnormal hearing. In subsequent follow up six 
gradually improved and of the four that persisted 
three were fitted with hearing aids. Of the four who 
had no brain stem electric-response at 80 dBnHL at 
birth, the follow up results were one normal, one 
gradual improvement, and two with persistent 
hearing impairment. 

In our study none of the 12 infants who were 
classified as being at high risk of hearing impairment 
from the neonatal brain stem electric response tests 
(table 5) passed their 8 month screen, although two 
gave responses at or below 40/40 dBnHL. Five went 
on to pass at 30/30 dBnHL by the age of 2 years. Of 
the remaining five, one is thought to have a 
unilateral sensorineural hearing loss, one a bilateral 
mixed loss, one a bilateral conductive loss, and two 
have given inconsistent results and no conclusion 
has been reached to date. Baby number 65 illustrates 
the need for continuous follow up. No brain stem 
electric responses were recorded on three occasions 
in the neonatal period up to 83 dBnHL. At 
10 months there were responses to low frequencies 
only at 70 dBnHL. The hearing threshold then 
appeared to improve and was normal by the age of 
14 months. Baby 102 is a less extreme example of 
the same results. This sort of result is similar to some 
of those reported by Duara et al as noted above.’ If 
the combination of otoacoustic emission and brain 
stem electric response or brain stem electric response 
on its own is to be used to screen for hearing 
impairment then it is clear that continuous moni- 
toring of failures is required and no conclusions on 
the long term outlook must be drawn. 

Although this report is only on the first 346 babies 
in our study, we are able to draw several useful 
conclusions on the application of the click evoked 
otoacoustic emissions and brain stem electric 
response audiometry to detect the hearing impaired 
at birth. Both tests pass a sufficient proportion to be 
considered as a screening procedure. Consideration 
of the shorter time required for the otoacoustic 
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emission test, the detection of nearly all (20/21 who 
survived) of those who failed the brain stem electric 
response on the final outcome of the tests in tne 
neonatal period, and it being less invasive that the 
brain stem electric response test indicate that it 
would make the beiter screening test. A brain stem 
electric response test carried out at the same time on 
babies not producing an otoacoustic emission would 
make a good complementary test. If this procedure 
were implemented our results indicate that, for the 
population tested in our study, 79% would pass the 
otoacoustic emission test. A further 12% would pass 
the brain stem electric response test carried out on 
those not producing an emission leaving 9% to 
be followed up. As the click evoked otoacoustic 
emission cannot determine the degree of hearing 
impairment then the brain stem electric response 
test would be used for this. The high pass rates and 
the low cost of carrying out the tests while the babies 
- are still in the unit indicate that this is the best time 
at which to carry out the screening test. 

The final outcome of the follow up tests to date, 
however, show poor correlation with the final 
outcome of the neonatal tests. For example only 
seven of the 21 surviving infants who failed brain 
stem electric response at birth failed on follow up 
(outcome to date) at 30 dBnHL. This was out of a 
total of 45. Raising the pass/fail level of the 
distraction test by 10 dB to 40 dBnHL did not alter 
this lack of agreement greatly (6/21, total 31). The 
difficulties of the distraction test are illustrated 
by the high proportion who fail on first testing, 
although this was found to be very dependent on the 
pass criteria. It is not yet possible to say how many 
hearing impaired babies we have missed until the 45 
failures on follow up have been further tested. 
There are many possible explanations for this 
disagreement between tests carried out in the neo- 
natal period and those on follow up—for example, 
undetectable responses, temporary middle ear 
disease, delayed neurological development. It must 
be concluded, however, that it is not possible to use 
the distraction test results to determine if the tests 
at birth were correct at that time. 

In conclusion we have found that the otoacoustic 
emission can detect most of those infants who will 
not pass the brain stem electric response in the 
neonatal period, but it is clear that the prognostic 
value of brain stem electric response is not yet 
established. Any prospective study investigating the 
ability of these tests to detect hearing impairment at 
birth must follow up each failure at very frequent 
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intervals if a fuller understanding of the reliability of 
these tests in the first year of life is to be established. 
Although the early fitting of hearing aids is desirable, 
the results presented here and those in the literature 
express the need for caution in using the results 
measured in the neonatal period. Continuous moni- 
toring of the hearing threshold of any infant failed at 
birth is obviously essential. 
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Increases in plasma concentrations of a prostaglandin 
metabolite in acute airway obstruction 
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Pittsburgh, USA 


SUMMARY Plasma concentrations of a stable prostaglandin F, a metabolite were measured by 
radioimmunoassay during and after recovery from acute airway obstruction in 15 infants. Mean 
(SEM) metabolite concentrations (ng/l) in plasma obtained both before (1033 (418)) and after 
(1470 (413)) initial treatment for airway obstruction were significantly higher than those obtained 
from the same subjects after resolution of the obstruction—25-5 (6-6)—and those obtained from 
two comparison groups. Infants positive for respiratory syncytial virus (mean 1122 (227)) had 
significantly higher concentrations than those who were negative (207-6 (46)). Additionally, 
seven subjects with a history of recurrent wheezing after resolution of airway obstruction had a 
significantly higher mean level (3500 (1400)) during attacks of airway obstruction than those 
without (600 (100)). These data suggest that prostaglandin F, a mediates respiratory 
inflammation in airway obstruction and that trials of specific anti-inflammatory agents for the 


treatment of airway obstruction may be warranted. 


Acute airway obstruction is commonly diagnosed in 
children less than 2 years of age. Potential causes 
include viral bronchiolitis! and asthma, which is 
subsequently diagnosed in approximately 30-50% of 
affected infants.“ Bronchiolitis and asthma share 
certain signs including wheezing, hyper-reactivity of 
the airway, and association with viral infections; a 
common pathogenesis has been postulated for the 
two syndromes.” Recent investigations support the 
hypothesis that asthma is an inflammatory disease of 
the lower airways.** Increased concentrations of 
various inflammatory mediators in plasma, including 
histamine and neutrophil chemotactic factor of 
anapaylaxis, have been reported during acute asth- 
matic attacks* and after bronchial provocation." 
Welliver et al reported increased concentrations of 
histamine and respiratory syncytial virus-specific 
IgE antibodies in nasopharyngeal secretions of 
child-en with respiratory syncytial virus bronchiolitis, 
but cid not report on plasma histamine concentra- 
tions.” Measurement of mediators in plasma may be 
useful as it avoids the dilutional errors common in 
analysis of nasal washes. Additionally, plasma 
concentrations might reflect the severity more 
accurately, as the nasal site is distant from the 
inflammation in the lower airways. 

Thz purpose of the present study was to determine 
whether plasma concentrations of a mediator of 


inflammation with known bronchoconstrictive 
properties were increased during acute airways 
obstruction. Specifically, nasal and plasma concen- 
trations of a stable prostaglandin F, a metabolite 
were measured in infants during and after recovery 
from acute airway obstruction. 


Patients and methods 


This research was approved by the Children’s 
Hospital Human Experimentation Committee. 
Informed consent was obtained from the parents of 
all study subjects. 


STUDY DESIGN 

The criteria for study entry included age less than 
1 year, history of rhinorrhea, cough and fever for no 
more than 48 hours, and airway obstruction defined 
as wheezing heard on auscultation of the chest 
associated with tachypnoea. Children with a previous 
history of wheezing, allergic or immunological 
disorders, or heart disease were excluded. Infants 
who fulfilled the entry criteria were enrolled in the 
study either after evaluation in the emergency 
department or following admission to hospital. 
Infants in the first group (n=9) were studied in the 
outpatient clinical research centre of the Children’s 
Hospital of Pittsburgh. Indwelling venous catheters 
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were placed in six of these infants to permit 
collection of venous blood both before and after 
treatment had been started with nebulised iso- 
etharine. Blood samples were obtained by needle 
venipuncture from the remaining six subjects, all of 
whom were studied within 48 hours of onset of 
symptoms having received nebulised isoetharine 
before enrolment. In infants with severe respiratory 
distress or who did not respond to the bronchodilator, 
arterial blood obtained for blood gas determination 
was also assayed for the prostaglandin metabolite. 
Blood was also obtained from two age matched 
groups for comparison. 

Nasal fluids were collected as previously de- 
scribed,® cultured for respiratory syncytial virus in 
HEp? cells, assayed for respiratory syncytial virus 
antigen by enzyme linked immunosorbent assay 
(ELISA) (Ortho Diagnostics),? and the remainder 
stored frozen at —70°C until assayed for prosta- 
glandin metabolite. Nasal fluids from a subset of 
study subjects (n=7) were assayed for protein 
concentration using a previously described method.!° 
The degree of airways obstruction was estimated 
clinically using the combination of a scoring system 
and the respiratory rate at the time of each blood 
collection. 

Of the 15 study patients, 13 returned for re- 
evaluation and repeat blood studies about six 
months after the acute attack of airway obstruction. 
Each parent was asked whether their child exper- 
ienced any respiratory symptoms after the resolution 
of the acute attack. Infants in whom a reference of 
wheezing and tachypnoea had been documented 
were assigned to the group with recurrent wheezing, 
while the others were assigned to the group without 
recurrent wheezing. 


CLINICAL SCORE 

Each subject was evaluated by one of two investiga- 
tors (DS: n=13, or HD: n=2). The results of a 
preliminary study indicated low interobserver vari- 
ability in the assessment of physical signs associated 
with lower airways obstruction. Based on results of 
the examination, each subject was assigned a 
numerical score from 0 (least severe) to 3 (most 
severe) for each of the following variables: cyanosis, 
rib retraction, air entry, inspiratory:expiratory ratio, 
level of consciousness, and wheezing. The numerical 
values for each variable were added to yield a total 
score, which along with resting respiratory rate, was 
used to estimate severity. 


SUBJECTS . 

Fifteen infants (mean age 3-4 months, range 1-7) 
were studied. A positive family history of allergies 
and asthma was present in nine (62%) and 10 (69%) 


study subjects, respectively. The duration of symp- 
toms before enrolment into the study was two to 
six hours in one subject, -12-24 hours in six, and 
24-48 hours in the remainder. All subjects presented 
with tachypnoea, ranging from 52 to 84 breaths/ 
minute (mean 64-4). Clinical scores on presentation 
ranged from 2 to 11 (mean 3-4). Of the nine subjects 
admitted to hospital, two were’ premature and 
required mechanical ventilation for respiratory 
failure. Either respiratory syncytial virus or respira- 
tory syncytial virus antigen was detected in nasal 
washings of nine of 14 (64%) subjects. At follow up 
six months after resolution of the acute airway 
obstruction, seven of 13 subjects (54%) had a 
history of recurrent wheezing, and one wheezed on 
auscultation. This infant returned for a second 
follow up visit at which time no wheezing was 
detected. 

For comparison, two additional groups of age 
matched children were studied. These comprised 
infants who either were normal (n=9, no respiratory 
infection) or had an upper respiratory infection, 
pneumonia without wheezing, or fever without 
obvious cause (n=6). 


PROSTAGLANDIN METABOLITE ASSAY 
Because the half life of prostaglandin F, a in the 
circulation is only a few minutes," concentrations of 
one of its stable metabolites, a 13,14-dihydro-15- 
keto moeity, were measured using a competitive 
radioimmunoassay as previously described.* The 
rabbit antibody used in this assay (Seragen) displayed 
the following cross reactivities: prostaglandin F, 
1-7%; 13,14-dihydro-15- keto- prostaglandin Ez 
0-14% ; 6-keto prostaglandin F; 0-02% ; thromboxane 
B, 0-02%; prostaglandin E, 0-02%; prostaglandin 
E, 0-02%; 11-beta prostaglandin F, a (Biomol) 
0-02%; and prostaglandin F, B 0-02% and 15-keto- 
prostaglandin F; B 8-4%. The sensitivity of the assay 
is 2-7 ng/l and samples with lower concentrations af 
metabolite are reported as <2-7 ng/l. Plasma prosta- 
glandin metabolite concentrations are expressed as 
ng/l; concentrations in nasal fluid were analysed as 
both ng/l and ng/g of protein for normalisation. 


DATA ANALYSIS 

Samples obtained from study subjects were grouped 
by collection time, site of collection (artery, vein, 
nose), respiratory syncytial virus positivity, and 
recurrence of wheezing. The mean plasma and nasal 
prostaglandin metabolite concentrations of the 
groups were calculated and compared. Indicators of 
severity (respiratory rate and clinical score) and 
family histories (asthma and allergies) were also 
correlated with corresponding concentrations of 
metabolite. Unless otherwise specified, data are 
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presented as mean (SEM) and were analysed by 
‘Student’s ¢ test.’ 

Subjects’ blood samples were divided into three 
groups for analysis: group I—samples collected on 
presentation to the emergency department before 
treatment for acute airway obstruction (n=9); group 
II—samples collected after treatment had been 
sterted, but within 48 hours of the onset of 
symptoms (n=19); and group III—samples collected 
at the follow up visit, when the infant was free of 
symptoms (n=13). Normal infants with no respira- 
tory infection (n=9) and infants with upper respira- 
tory infections, pneumonia without wheezing, or 
fever without obvious cause (n=6) comprised groups 
IV and V, respectively. 


Results 


Prostaglandin metabolite values before and after 
initial treatment and after resolution ranged from 
74-3600 ng/l, 13-7240 ng/l, and <2-7-84 ng/l, 
respectively. Concentrations from both before (1033 
(418)) and after (1470 (413)) treatment had been 
started were significantly higher (p<0-005) than 
those from the same subjects after resolution of 
symptoms (25-5 (6-6)). The difference between 
concentrations before and after treatment was not 
significant and the value after resolution was not 
significantly different from that of normal infants 
(42-0 (20-4)), or infants in the comparison group 
(33-5 (17)). These latter values do not differ from 
those reported for normal individuals by radio- 
immunoassay,’ gas chromatography and mass 
spectrometry,'* and with the calculated rate of 
prostaglandin F, a synthesis in humans.!° The 
plasma prostaglandin metabolite concentration of 
the single infant in the comparison group (group 
V) who had pneumonia without wheezing was less 
then the lowest detectable concentration. To illus- 
trate the group differences, plasma concentrations 
of the metabolite were converted to log values (fig 
1). The mean (SD) log values of groups I to V 
inclusive were 2-7 (0-53), 2-8 (0-73), 1-19 (0-47), 
1-21 (0-64) and 0-6 (1-2), respectively. 

Prostaglandin metabolite concentrations in the 
subgroups of infants who were artificially ventilated 
or who had intravenous catheters were not signifi- 
cantly different from those in the other study 
subjects. This suggests that the increases in plasma 
concentrations were not iatrogenically induced by 
manoeuvres undertaken in the care of the patients. 
In support of this hypothesis, intravenous catheters 
were inserted in three healthy individuals, and did 
not result in increases in plasma prostaglandin 
metabolite concentrations 5, 15, and 60 minutes 
later (unpublished observations). 
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Fig1 Log distribution of plasma concentrations of 13, 
14-dihydro-15-keto-prostaglandin F, a in subjects with 
airway obstruction (groups I, I, and II) and in 
comparison subjects (groups IV and V). Vertical lines 
indicate mean (SD). Closed circles indicate subjects positive 
for respiratory syncytial virus. Airway obstruction samples 
are grouped by collection time: group I—before treatment 
for acute airway obstruction (n=9); group H—after initial 
treatment, but within 48 hours of onset of symptoms 
(n=19); and group IHI—after resolution of acute airway 
obstruction (n=13). Group IV—normal children (n=9); 
group V—infants with upper respiratory infection, pneu- 
monia without wheezing or fever without obvious cause 
(n=6). 


More than one blood sample was obtained from 
six of the subjects during the study period. As shown 
in fig 2, three representative subjects had increased, 
decreased, or unchanged plasma prostaglandin 
metabolite concentrations after bronchodilator 
treatment had been started. All values returned to 
normal at the follow up visit, except the one patient 
who was wheezing at the six month follow up visit. 
This patient was not wheezing when evaluated one 
month later, at which time the concentration had 
returned to normal (6-2 ng/l). 

The concentrations (ng/l) in arterial blood obtained 
after treatment (1782 (432-9), n=5) were higher 
than those in venous blood taken after treatment 
from either the same subjects (952-4 (136-2)) or 
from the whole group (1470 (413-2), n=19), but 
these differences were not significant. This arterial 
venous difference was also observed when simul- 
taneous venous (939-2 ng/l) and arterial (2921 ng/l) 
samples were obtained from one subject who 
required artificial ventilation for respiratory failure. 

Prostaglandin metabolite concentrations in nasal 
secretions (n=12) ranged from <2-7 to 1645 ng/l, 
mean 383-8 (120-6) ng/l. After normalisation with 
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Fig2 Patterns of change in plasma 13,14-dihydro-15-keto- 
prostaglandin F, a concentrations (ng/l) before and after 
initial treatment for acute airway obstruction in three 

typical infants. Note persistently increased concentration 

in one infant (open squares) at six month follow up visit 
when wheezing, then return to normal range at seven 

month follow up visit when not wheezing. Cross hatched 
area represents two standard deviations above the mean 

for normal age matched infants (95% confidence interval). 


Before 


protein content, nasal prostaglandin metabolite 
concentrations ranged from 172 to 8225 ng/g protein, 
mean 1781 (1088). The increases were often accom- 
panied by similar increases in plasma concentrations, 
but a significant positive correlation between these 
two variables could not be shown before or after 
normalisation (Pearson product moment correlation 
coefficient). 1° 

Plasma and nasal concentrations of prostaglandin 
metabolite were compared with corresponding indi- 
cators of severity (clinical score and respiratory rate) 
for each subject. Even though both plasma and 
nasal metabolite concentrations were often con- 
siderably raised in the most severely ill infants, a 
positive correlation could not be demonstrated for 
any of the clinical variables using the Spearman rank 
correlation coefficient.” Necessity for hospital 
admission was also used as an indicator of more 
severely ill infants, and metabolite concentrations in 
infants in hospital (1147 (656)) were not significantly 
different from outpatients (1087 (403)). 

Nasal and plasma metabolite concentrations during 
acute attacks of airways obstruction were compared 
for infants with and without recurrent wheezing 
aiter resolution. Concentrations both before and 
aiter treatment were higher in the subjects with 
recurrent wheezing than in those without, but this 
difference was significant (p<0-025) only for the 


concentrations after treatment (3500 (1400) ng/l 
compared with 600 (100) ng/l, respectively). Nasal 
metabolite concentrations were not significantly 
different between the two groups. 

When subjects were grouped according to the 
presence or absence of respiratory syncytial virus or 
respiratory syncytial virus antigen in nasal washings, 
infants positive for respiratory syncytial virus 
(1122 (226-7) ng/l) had significantly higher plasma 
metabolite concentrations (p<0-05) than those who 
were negative for respiratory syncytial virus (207-6 
(46-2) ng/l) during acute attacks of airway obstruc- 
tion (fig 1). A significant difference between the two 
groups could not, however, be shown for nasal 
concentrations. Even though plasma concentrations 
were higher in infants with family histories of 
allergies and asthma (1468 (523) and 1386 (496), 
respectively) compared with those without such 
histories (688 (440) and 794 (514), respectively), the 
differences were not significant. Additionally, 
metabolite concentrations were not significantly 
different in infants whose symptoms had lasted 12 to 
24 hours (1854 (707)) compared with those whose 
symptoms had lasted 24 to 48 hours (571 (421)). 


Discussion 


The results of this study show for the first time that 
plasma levels of a prostaglandin F, a metabolite 
are considerably increased (fifty fold) in infants with 
acute airway obstruction, and return to normal after 
the acute process has resolved. Several pieces of 
evidence suggest that many of these infants had 
bronchiolitis, but whether this represented their first 
episode of asthma is not clear. Lesser increases of 
the same metabolite were observed during acute 
asthmatic attacks by our laboratory staff, and 
during provoked episodes of wheezing and broncho- 
spasm by others.“ These increases in plasma con- 
centrations probably reflect much higher local 
concentrations of the metabolite’s active precursor 
molecule, prostaglandin F; a, in the tissue of origin. 
Prostaglandin F, a is a potent bronchoconstrictor!® 
and secretogogue,!® the primary synthetic and 
metabolic site of which is the lung.” These observa- 
tions suggest that prostaglandin F, a is a mediator 
of airway inflammation in airway obstructive 
disorders. ; ; 

The likely tissue source for the prostaglandin 
metabolite is the lung, which is a major site for 
prostaglandin synthesis by the cyclo-oxygenase 
pathway of arachidonic acid metabolism, and for 
release and degradation of prostaglandins.’ Carrier 
mediated prostaglandin uptake by lung tissue, 
followed by cytoplasmic enzyme inactivation and 
subsequent release of 15-keto and 13,14-dihydro-15- 
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keto-metabolites” has been postulated. Thus 
metabolites appear in effluent pulmonary venous 
and systemic arterial blood, capillary vascular beds 
and then venous plasma. The arteriovenous gradient 
for the prostaglandin metabolite observed in the 
present study suggests that a portion of the circulating 
metabolite is removed or degraded in the capillary 
microvascular bed. 

Both pulmonary macrophages” and epithelial 
cells? have been reported to synthesise prosta- 
glandins. Cellular prostaglandin synthesis can be 
triggered by diverse physiological and pathological 
stimuli, including viruses. Respiratory syncytial 
virus and other viral agents could directly or 
indirectly induce prostaglandin synthesis. A patho- 
genetic role for IgE dependent hypersensitivity has 
been postulated in bronchiolitis.’ A virus specific, 
type I hypersensitivity reaction with histamine 
release could result in the direct stimulation of 
pulmonary prostaglandin synthesis and release in 
airway obstruction. Alternatively, viruses may 
stimulate prostaglandin synthesis indirectly. Inter- 
feron, a glycoprotein secreted by cells in response to 
viral infection, is a potent inducer of cellular 
prostaglandin synthesis and secretion.” In support 
of the hypothesis of a virus induced prostaglandin 
synthesis, plasma metabolite concentrations were 
sign-ficantly higher (p<0-05) in infants with respira- 
tory syncytial virus positive airway obstruction when 
compared with those who were respiratory syncytial 
virus negative. 

In contrast to results reported by Welliver et al for 
histamine,’ nasal prostaglandin metabolite concen- 
trations did not correlate with two clinical indicators 
of severity, even after normalisation to protein 
content. Although the reason for this discrepancy is 
unclzar, several possible explanations should be 
considered. The nasal mucosa may not synthesise 
large quantities of prostaglandin F, a during airway 
obstruction or, alternatively, could lack the enzymes 
necessary for conversion of prostaglandin F; a to its 
stable metabolite. The concentrations measured in 
nasal fluids could also partly represent plasma 
exudation of metabolite formed in the lung. A 
second possible explanation is the variability 
inherent in the technique of nasal fluid collection. 
The volume of fluid recovered during washing 
procedures is variable and could result in inconsistent 
dilutions and spurious metabolite concentrations. 
A lack of correlation after normalisation of meta- 
bolite to protein concentrations, however, makes 
this possibility unlikely. Alternatively and even 
less likely, the indicators used in the present study 
may lack sufficient sensitivity or specificity in iden- 
tifying severely ill infants. A similar lack of cor- 
relation between clinical severity and plasma 


metabolite concentrations this 
thesis. 

Even though the incidence of recurrent wheezing 
in this study is similar to that reported previously, 
the follow up period is probably too short to detect 
all subjects who will ultimately have recurrent 
wheezing. Indeed, wheezing may not recur until 
several years after the acute attack of airway 
obstruction. Further prospective studies of this 
group are being conducted to clarify this issue. None 
the less, in the present study, infants who carried on 
wheezing after resolution of airway obstruction had 
significantly higher plasma metabolite concentrations 
during the acute illness than those who did not. This 
suggests that an increased pulmonary concentration 
of prostaglandin F, a predisposes infants to airway 
hyper-reactivity and recurrences of wheezing or, 
alternatively, that a relative hyper-responsiveness of 
prostaglandin synthesising cells is present in the 
subgroup of infants who later experience recur- 
rences. 

The elaboration of prostaglandin F, a. and perhaps 
other bronchoconstrictive mediators of inflammation 
during acute airway obstruction should provide a 
stimulus for the development of specific anti- 
inflammatory agents to supplement bronchodilators 
in the treatment of infantile airway obstruction. 
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Prevalence of respiratory symptoms among 7 and 
11 year old schoolchildren and association with 
asthma 


R D CLIFFORD,*t M RADFORD,+ J B HOWELL,* AND S T HOLGATE* 
Departments of * Medicine and Child Health, University of Southampton 


SUMMARY A new self administered questionnaire completed by parents was used to study the 
prevalences of wheeze, shortness of breath, and cough in 2503 Southampton schoolchildren 
aged 7 and 11 together with exacerbating factors and background information including 
treatment and diagnosis. The questionnaire had a response rate of 84% and was found to be 
highly repeatable with respect to current symptoms. The overall prevalences of wheeze and 
shcrtness of breath in the current year (1986) were 12-1% and 8-5% respectively. Social class, 
home ownership, parental smoking, and presence of a family pet were unrelated to symptom 
prevalence. According to the parents the overall diagnosis rate for asthma was 9-5%. In common 
with other studies, however, we found considerable evidence for undertreatment. The symptoms 
of wheeze and nocturnal and morning breathlessness occurred more commonly in boys, but this 
sex ratio decreased with increasing age. The prevalences of wheeze and shortness of breath were 
similar in the two age groups. In contrast, there were only small differences between the sexes 
with respect to cough whereas, among children without wheeze or shortness of breath, there was 
a fall in the prevalence of cough from 18-9% at 7 years to 8-7% at 11 years. When controlling for 
the other respiratory symptoms, wheeze was the only symptom significantly related to parental 
asthma. The fall in the prevalence of cough between the two age groups is unlikely to be related 
to changes in asthma prevalence and, when not associated with wheeze, may be an indicator of 
separate pathology. 


Studies of the prevelance of asthma produce widely 
varying rates even among European populations. t 
These differences may be largely explained in terms 
of varying definitions of asthma and undue reliance 
on general practitioner diagnoses. This is confirmed 
by the considerably greater concordance between 
studies with respect to particular respiratory symp- 
toms. Reliable information can only be gained if 
wheeze has been defined and explained adequately 
to parents.” In a cross section survey in Melbourne, 
Williams and McNicol recorded a cumula- 
tive prevalence of 19% for wheeze at 7 years.” 
Anderson et al reported a prevalence of 11% for 
wheeze during the current year in 9 year olds in 
Croydon.? Lee et al found a prevalence of 14-8% 
between school entry and 7 years in northern 
England and showed reasonable concordance 
between a questionnaire history of wheeze and a 
clinical diagnosis of asthma defined by ‘episodic 


airways obstruction characterised by wheeze or 
breathlessness’.* Using a similar definition, the 
prevalence of asthma in 470 London children aged 
between 18 months and 11 years was found to be 
11%. 

Although epidemiological studies on the preva- 
lence of wheeze avoid difficulties over the definition 
of asthma, the possibility arises that the symptom of 
wheeze may occur in disorders other than classical 
asthma. In childhood asthma, other symptoms, 
particularly cough and breathlessness are also known 
to be important. There have been a number of 
reports of cough being the sole presenting symptom 
of asthma,®? however, the prevalence of this and 
other respiratory symptoms in childhood and their 
importance in the absence of wheeze has not been 
well studied. 

A number of factors are known to affect the 
prevalence of asthma or the symptom of recurrent 
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wheezing during childhood. The tendency for the 
symptoms to improve with age is well known,!° 1} 
although longer term follow up shows later recur- 
rence.'?-!4 Boys have a higher prevalence of asthma 
in childhood but this difference disappears in adults 
and may be reversed in some age groups. Asthma 
is said to be diagnosed more commonly in the upper 
social groupings and home owner occupiers." 

Fathers are less likely than mothers to admit to 
symptoms in their children.” A variety of factors 
have also been implicated in the pathogenesis of 
episodic wheezing and asthma and include inherit- 
ance,!®° viral infection,” exposure to common 
allergens,” ” and parental smoking.” 7 In this 
study we have used a new questionnaire developed 
to explore the prevalence of common respiratory 
symptoms in schoolchildren and their association to 
each other, the diagnosis of asthma, and genetic and 
environmental factors. 


Subjects and methods 


SUBJECTS 

All children in their third year at 55 Southampton 
first and middle schools were studied by parental 
questionnaire over a six week period during the 
second half of the school summer term. The 
standardised movement of children between classes 
conveniently divided the children into two almost 
exact one year age ranges: 6-8 to 7-8 years in first 
schools and 10-8 to 11-8 years in middle schools. The 
schools comprised 30 of the 40 first schools in 
Southampton, 18 of the 28 middle schools, and 
seven of the 10 combined first and middle schools. 
Altogether questionnaires were sent to the parents 
of 2981 children. Questionnaires were delivered to 
the schools and given to the children to take home 
and they, in turn, returned them to the school when 
they had been completed. The local education 
authority would not allow release of names and 
addresses of children by the schools, thus although it 


was possible to calculate return rates, we were’ 


unable to obtain comparative information on children 
not returning questionnaires. 


QUESTIONNAIRE DESIGN 
In view of the lack of a complete and well validated 
respiratory questionnaire for use in children suitable 
for a study of asthma, a new questionnaire was 
designed. The project demanded a self administered 
questionnaire that was simple to complete by parents 
and likely to result in high compliance. The length of 
the questionnaire was limited to six sides of ‘Ad 
paper. 

Wheeze and dyspnoea were identified by the 
questions: ‘Has your child ever had an attack of 


wheezing (by wheezing I mean noisy breathing with 
a whistling sound coming from the chest not the 
throat)?’ and ‘Has your child ever been either 
unexpectedly breathless at rest or more breathless 
than you would expect after exercise (by breathless I 
mean out of breath or puffed)’. Three questions 
were used to identify abnormal cough. Parents were 
asked ‘Has your child ever seemed to cough more 
(or to get more coughs) compared to other children’. 
Two further questions were designed to identify 
recurrent coughing, unrelated to upper respiratory 
tract infection, occurring at night or first thing in the 
morning. Symptoms within the previous 12 months 
were classified as current and as past if occurring 
>12 months before completion of the questionnaire. 

Further information characterising the ‘current 
symptoms was obtained using questions aimed at 
identifying exacerbating factors. Information was 
further sought on chest pain or discomfort which has 
been described as a presenting symptom of asthma." 
Morbidity was briefly assessed using two questions 
—one on hospital admission and the other on 
number of days of school lost during the past year. 
The last part of the questionnaire provided back- 
ground information on the children. Medical diag- 
noses given to the parents relating to the child’s 
chest problem were sought together with any current 
medications being used. Questions on parental 
smoking habits, household pets, and parental asthma 
were also included. Social status was defined by 
enquiry of each parent’s occupation and the family’s 
accommodation whether rented or owner occupied. 


REPEATABILITY AND VALIDITY TESTING 

The repeatability of the questionnaire was tested by 
readministration to 200 parents. Children were 
selected with an increased preponderance of positive 
answers to the key questions on wheeze, cough, and 
shortness of breath: 50 cases denied all symptoms, 
50 had wheeze alone, 31 shortness of breath alone, 
and 69 both shortness of breath and wheeze (the odd 
numbers in the last two groups resulted from the 
small numbers in the shortness of breath only 
group). Parents were only asked to fill in the 
sections on respiratory symptoms to improve com- 
pliance. The questionnaire was readministered four 
months after the original questionnaire in an attempt 
to avoid deliberate mimicking of previous answers 
but making a major change in symptom incidence or 
severity unlikely. 


STATISTICAL ANALYSIS 

The Statistical Package for Social Sciences edition X 
was used for categorisation and analysis of data.” 
Correlations between variables were calculated using 
the X test or, when controlling for other variables, 
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the Mantel-Haenszel test. Repeatability of question- 
naire replies was calculated both in terms of per- 
cenzage agreement and by calculation of x, which is 
an index of repeatability described by Cohen,” 
calculated by the formula: Pg—P,/1—Pc where Po 
represents the proportion of agreement for the 
question and Pc is the proportion of agreement 
expected by chance. It is thus independent of chance 
agreement so that comparison can be made between 


Table 1 Repeatability of questions relating to current 
symptoms, school loss, and hospital admission 








Questions % Agreement x 

Wheeze current 12 months? 88-9 0-78 
Woken by wheeze? 81-6 0-53 
Wheeze in the morning? 88-0 0-69 
Breathless current 12 months? 78-1 0-50 
Woken by breathlessness? 88-9 0-42 
Breathless in the morning? &7-0 0-37 
Coughs more than others? &0-0 0-57 
Night time cough? &3-0 0-60 
Morning cough? 75:0 0-47 
School loss? 88-4 0-73 
Admitted to hospital? 95-8 0-79 
Ever chest pain/discomfort? 76:3 0-47 
Sleep loss due to chestiness? 84-2 0-67 





questions with differing proportions of positive and 
negative replies. 


Results 


RESPONSE RATES AND REPEATABILITY 
A total of 2503 replies were received from the 2981 
questionnaires sent, representing an overall response 
rate of 84%. The response rates in the two age 
groups were similar with 1275 replies from the 
parents of the 7 year olds and 1218 from the 11 year 
old group. There were slightly more boys than girls 
in both age groups with a male:female ratio of 
1-03:1. The response rates at different schools 
varied widely but there was less association with the 
range of social classes surrounding the school than 
with the quality of the relationship between the 
school and the parents. One school in a ‘problem 
area’ achieved a questionnaire return rate of 100%. 
The return rate for the readministered questionnaire 
was lower at 50% of the 200 questionnaires sent out. 
The social class range of the responders to the 
repeat questionnaire was compared with that of the 
responders to the first administration but no signifi- 
cant differences could be shown. : 

The results of the repeatability study are presented 
in table 1. The questions on wheeze were the most 


Table 2 Prevalences of individual symptoms by age and sex. Results are given as a percentage with that symptom of the 
number of children whose parents replied to the relevant question in the questionnaire 




















Symptoms Age 7 years Age 11 years 
Girls Boys Girls Boys 
% (No) % (No) % (No), % (No) 
Wheeze: 
Currulative*** 15-9 (623) 22-7 (651) 16-7 (604) 19-9 (613) 
Current 12 months*** 9:5 (621) 14-3 (651) 10-9 (604) 13-7 (613) 
Nocturnal 6:3 (622) 7-9 (648) 6-6 (603) 9-1 (613) 
Morning*** 3-5 (621) 8-9 (650) 7-3 (603) 8:0 (612) 
Shortness of breath: 
Cumulativey* 7-2 (621) 12:3 (649) 13-4 (598) 13-6 (611) 
Current 12 months 4-8 (620} 9-0 (647) 10-3 (592) 10-0 (607) 
Nocturnal*** 1-9 (620) 5-2 (649) 3-9: (597) 4-9 (609) 
Morning*** 1-6 (619) 4-3 (648) 2:5 (596) 4-1 (608) 
Cough 
Current 12 months+* 27-9 (623) 33-7 (603) 19-3 (519) 22-2 (554) 
Nocturnal 17-3 (573) 18-2 (605) 8-7 (530) 12-4 (565) 
Morningt 18-5 (567) 22-6 (606) 13-0 (530) 13-8 (560) 
Chest discomfort}* 7-9 (595) 13-0 (630) 14-2 (593) 15-1 (597) 
‘Chesty’ at night 18-2 (598) 20-3 (636) 12-4 (588) 14-6 (597) 
Hospitalised with wheeze 
and/or shortness of breath: 
Curmativet* 4:5 (594) 6-9 (622) 3-0 (569) 4-8 (578) 
Current 12 months 4-5 (594) 5-0 (622) 2-8 (569) 3-6 (578) 
Medical diagnosis of: 
Asthna*** 7-2 (613) 11-7 (642) 8-4 (598) 10-7 (598) 
Bronzhitis* 11-1 (606) ` 14-0 (636) 12-4 (597) 14-8 (596) 





x analyses: *p<0-05, ***p<0-001 for girls v boys, ignoring age; tp<0-05, $p<0-001 for 7 year olds v 11 year olds, ignoring sex. 
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repeatable of the symptom questions. Also highly 
repeatable were the answers to the enquiry about 
hospital admissions. Low values of x were produced 
for enquiries regarding specific information about 
symptoms such as when they occurred, and for the 
symptom of chest pain. 


PREVALENCE DATA 
The prevalences of individual symptoms are displayed 
by sex and age in table 2. The cumulative prevalences 
of wheeze and shortness of breath and the preva- 
lences of diagnosed asthma and bronchitis refer to 
symptoms since birth. All other symptom categories 
refer to symptoms within the 12 months preceding 
receipt of the questionnaire. The current prevalences 
of wheeze, shortness of breath, and cough among 
the whole population sample were respectively 
12-1%, 11-6%, and 26-8%. The major differences 
between the sexes appeared to be in the symptoms 
oi wheeze and shortness of breath, in that there 
were higher prevalences in boys. The label ‘asthma’ 
had also been given 1-4 times more frequently in 
boys than in girls. In contrast, cough appeared to 
have little relation to gender but showed a consider- 
able and highly significant decrease in prevalence 
between the ages of 7 and 11 years. Among children 
without wheeze or shortness of breath, the prevalence 
of a positive answer to one of the three cough 
questions fell from 18-9% at 7 years to 8-7% at 
11 years. The associations between each of the three 
symptoms were found to be highly significant 
(p<0-001 for each association controlling for the 
remaining symptom by the Mantel-Haenszel test). 
The higher prevalences of wheeze and shortness 
of breath in boys are. reflected in the higher 
proportion who had been admitted to hospital both 
in the current year and since birth with these 
symptoms. Nearly 5% of the whole group and 7% of 
7 year old boys had been admitted to hospital with 
wheeze or shortness of breath. The higher prevalence 
of nocturnal ‘chestiness’ among 7 year olds, com- 
pared with 11 year olds, was highly significant 
(p<0-001) and may reflect the higher prevalence of 
nocturnal cough. The increase in chest pain or 
discomfort between 7 and 11 years is also significant, 
but only occurred in girls and thus is unlikely to be 
related to the other respiratory symptoms. 
Analysis of the responses to questions on when 
respiratory symptoms first occurred, whether they 
were current, and when they last occurred was used 
to calculate prevalences for wheeze at each age from 
birth onwards. These calculated prevalences are 
likely to be inaccurate due to recall bias and are, 
therefore, not presented here. Because the degree 
of bias is likely to be similar between the two sexes, 
however, we could make observations on the differ- 


1-85 





% Boys : % girls 








Age (years) 


Fig1 The ratio of the prevalence of wheeze in boys to that 
in girls between 0 and 11 years. 


ences between the sexes at different ages. The 
prevalence of wheeze in boys rose sharply to the age 
of 5 years with a slight fall off thereafter. In girls the 
prevalence of wheeze was lower at all ages but the 
rise in prevalence appeared to continue up to the 
age of 8 years. The ratio of the prevalence of wheeze 
in boys to that in girls showed a considerable, and 
highly significant, decrease with increasing age of 
the child (figure). 


ASSOCIATIONS BETWEEN BACKGROUND DATA AND 
RESPIRATORY SYMPTOMS 

The predominant occupation of parents among 
those sampled was skilled workers (45%). Sixty six 
percent were home owners. More than half of the 
children (56%) were exposed to passive smoking zt 
home. Two thirds of families possessed a pet, this 
being a cat or dog in 51% of families. However, this 
study did not show associations between class, 
passive smoking, or pet ownership and any respira- 
tory symptom. Only age, gender, and the presence 
of parental asthma showed significant associations 
with the prevalences of cough, wheeze, and short- 
ness of breath. Parental asthma was positively asso- 
ciated with all three symptoms. Because of the 
strong associations between each of these symptoms, 
the Mantel-Haenszel test was used to examine the 
association between parental asthma and each 
symptom controlling for the other two. Wheeze 
remained highly associated with parental asthma 
(p=0-0012) when controlling for cough and shortness 
of breath, but neither cough nor shortness of breath 
were significantly associated with parental asthma 
when controlling for wheeze (p=0-4, p=0-2 respec- 
tively). In addition, no association with the more 
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Table 3 Treatment received by 299 children with current 
. wheeze and 178 with diagnosed asthma in association with 
either current wheeze or shortness of breath 


% With 
current wheeze 


% With 
diagnosed asthma 
plus symptomst§ 


Drug treatment 





No treatment 45-8 19-7 (8-8) 
Non-asthma 8-7 5-6 (0) 
Inhaled bronchodilator 18-4 31-5 (18-2) 
Prophylactic alone* 4-7 8-4 (26-7) 
Prophylactic with inhaled 

bronchodilator 13-4 23-0 (17-1) 
Oral bronchodilatort 4-7 5-1 (11-1) 
Other drug regime 4:3 6-7 (8-3) 


“Inhaled steroids and/or sodium cromoglycate. 

tOral B, agonist and/or methylxanthine. 

Either wheeze or shortness of breath during the previous 
12 months. 

§Figures in parenthesis refer to 26 children missing >20 days school 
per year. 


‘specific’ symptoms of nocturnal or morning breath- 
lessness could be shown. 

Highly significant associations were observed 
between symptom prevalences and the sex of the 
parent completing the questionnaire. The impression 
was gained during the second part of the study that 
the father was less likely to complete the question- 
naize if the parents perceived illness in the child. No 
data were collected, however, which would measure 
the relative importance of this possibility or the 
possibility that under reporting of symptoms by 
fathers was occurring. 


TREATMENT 

The prevalence of ‘asthma’ as a diagnosis given to 
the parents was 9-5%. The types of treatment 
received by the children are listed in table 3. One 
third of children with current wheeze or shortness of 
breath who had a diagnosis of asthma were using an 
inhaled bronchodilator alone, one third were taking 
prophylactic medication with or without broncho- 
dilators, and one third were on other regimes or 
receiving no specific treatment. One in five children 
with cough were receiving medication appropriate 
for treating asthma, of whom nine had cough as 
their only symptom; the remainder had cough in 
association with wheeze or shortness of breath, or 
both. 


Discussion 


Epidemiological studies of childhood asthma have 
increasingly concentrated upon the prevalence of 


wheeze mainly as a result of difficulties over 
definition and underdiagnosis of the condition.’ 3? 
Recent studies have included other symptoms, such 
as nocturnal cough, but little is known about their 
epidemiological validity as independent markers of 
asthma. We have designed and tested a childhood 
respiratory questionnaire for completion by parents 
and have used it for measuring the prevalences and 
inter-relationships of wheeze, shortness of breath, 
and cough among over 2500 children of 7 and 
11 years. The associations of genetic and environ- 
mental factors to each of these symptoms have been 
examined. We have also presented information on 
morbidity, diagnosis, and treatment received by the 
children. 

The 84% return rate for this questionnaire, con- 
taining 33 questions, compares favourably with a 
74% return achieved by Mortagy et al, also in 
Southampton, using an adult respiratory question- 
naire containing 21 questions.** Salome et al reported 
a return rate of 85% for a self administered 
respiratory questionnaire used in a study of children 
in 25 schools in two Australian towns using similar 
collection and delivery methods to the present ` 
study. A remarkably high return rate of >99% 
was reported by Lee et al for a questionnaire 
containing just four questions.* Apart from their 
greater lengths, the questionnaires used by Salome 
et aÊ? and ourselves contained some ‘sensitive’ 
questions concerning occupation and housing and 
included a request for consent to be contacted for 
further study. Because of the high number of 
schools involved in the present study, a low return 
from one or two schools with appreciable effects on 
the overall rate was almost inevitable. 

Two questions used in the present study, those for 
wheeze and night time cough, were similar in 
wording to questions used by Salome et al and had 
similar repeatabilities in the two studies both in 
terms of percentage agreement and coefficient of 
agreement (x). This indicates that these indices 
are appropriate for comparisons of repeatability, 
and has the advantage of being independent of 
chance agreement which alters with the proportion 
of positive replies.” We found that questions on 
wheeze were the most repeatable and those on 
shortness of breath and chest discomfort least 
repeatable with the cough questions being inter- 
mediate. We also recorded high levels of repeat- 
ability for questions on school loss and hospital 
admission. 

We have confirmed a lower prevalence of respira- 
tory symptoms when the questionnaire was completed 
by the father.!’ It is possible that fathers were less 
likely to fill in the questionnaire in the case of illness 
in the child because of their smaller role as carers. 
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Certainly symptoms were most prevalent in children 
where both parents had completed the questionnaire 
in conjunction, presumably reflecting increased 
parental involvement and concern. This impression 
appeared to be confirmed during the second phase 
of the study where one of us had the opportunity to 
meet a large number of the parents.” °° The design 
of the study, however, did not enable us to measure 
the extent to which under reporting of symptoms by 
fathers may have been occurring. Fortunately only 
9% of questionnaires were completed by the father 
alone. Clearly, this problem is likely to be common 
to all such epidemiological studies, including aduit 
studies where males could under report their own 
symptoms. The sex of the responder to the question- 
naire was not related to other factors such as sex cr 
age of the child and, therefore, is not likely to repre- 
sent a confounding influence upon the associations 
between these factors and respiratory symptoms. 

The prevalence of wheeze in the year preceding 
the questionnaire (current prevalence) was found to 
be 12-1% and the cumulative prevalence from birth 
was 18-8%. These figures are comparable with those 
reported from other studies in western countries 
when a similar questionnaire format was used.?+ 
However, there are little published data on the 
prevalence of other respiratory symptoms in child- 
hood. Shortness of breath, although not occurring as 
frequently as wheeze, is a common complaint as 
indicated by a current prevalence of 8-5%. Approxi- 
mately one third of parents of 7 year old children 
and one quarter of all parents believed that their 
children coughed’ more than others. Nocturnal 
cough occurred in 14-2% of the total childhoad 
population studied and reached as high as 18-2% in 
7 year old boys; however, only half of children with 
recurrent cough had associated wheeze. 

In this study we have confirmed previous observa- 
tions of a higher prevalence of wheeze in boys when 
compared with girls. Overall 1-37 times more boys 
had wheezed'during the current year. These differ- 
ences were reflected in the higher prevalence of 
shortness of breath among boys compared with girls 
with the greatest differences occurring in the preva- 
lences of shortness of breath at night and in the early 
morning. In contrast the differences between the 
sexes with respect to cough were small and only just 
reached significance for the current 12 months with 
insignificant differences for nocturnal cough. Varia- 
tions in symptom prevalence between the two age 
groups were also recorded but differed from those 
occurring between sexes in that they related only to 
the symptom of cough. A 30% decrease in the 
prevalence of problematic cough occurred between 
7 years and 11 years, which was not accompanied by 
a change in the prevalence of wheeze. Indeed the 


most dramatic fall in cough prevalence from 18-9% 
at 7 years to 8-7% at 11 years occurred in children 
without associated wheeze or shortness of breath. 

Calculation of annual prevalences of wheeze by 
gender revealed differences between boys and girls. 
Boys reached their peak prevalence of wheeze by 
5 years, but in girls a gradual increase in prevalence 
continued up to the age of 8 years resulting in a 
progressive and highly significant decrease in the 
male to female ratio for wheeze with increasing age 
(figure). These trends in prevalence and male to 
female ratio are in line with data published from 
national morbidity statistics relating to asthma in 
general practice, and therefore would be worthy of 
further prospective study. 

The presence of asthma in one or more of the 
parents had appreciable effects on the prevalence of 
respiratory symptoms in their children. Both wheeze 
and shortness of breath were reported twice as 
frequently and cough was 1-4 times more prevalent 
in this group of children. Although shortness of 
breath and cough were related to the presence of 
parental asthma, the association disappeared when 
we controlled for the symptom of wheeze. In 
contrast, wheeze remained strongly related to 
parental asthma even when controlling for both 
cough and shortness of breath. Assuming that 
parental asthma is responsible for an increased 
prevalence of asthma and no other illness in the 
offspring, wheeze must be a key symptom of asthma 
with cough and shortness of breath being related but 
subordinate symptoms. The latter finding, the small 
male to female ratio in prevalence of cough, and the 
fall in cough prevalence between the ages of 7 and 
11 years with no associated drop in the prevalence of 
wheeze all point to recurrent cough being of low 
specificity as an epidemiological marker for asthma. 

We were unable to show an association between 
wheeze or other respiratory symptoms and home 
ownership or parent’s occupation. The assocation 
between respiratory symptoms and parental smoking 
reported by Bland et al was found from a question- 
naire filled in by the children themselves.” The 
absence of an association in our parental question- 
naire may represent a degree of denial or lower 
expectations among parents who smoke. The 
repeated personal interviews and examinations in 
the study of Cogswell et al may well have avoided 
this problem.”’ It is reassuring that the prevalence of 
wheeze was no greater among the two thirds of 
children with a feathered or furry pet despite the 
clear importance of animal danders as precipitants 
of attacks in those with pre-existing asthma. 

A remarkable number of children were reported 
by their parents to ‘have been in hospital with 
asthma. This is likely to have been reliably reported 
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in view of the importance of such a life event and the 
goad repeatability of this question. The observation 
that fewer 11 than 7 year olds were admitted to 
hospital, however, might suggest that parents may 
have failed to recollect some admissions. The rates 
for the current 12 months are nevertheless likely to 
be accurate. Altogether 115 of the children had been 
admitted to hospital with wheezing or breathlessness 
comprising 4-9% of the sample including 4% during 
the previous 12 months. It would seem unlikely that 
more than a small proportion of admissions could be 
accounted for by other causes of breathlessness such 
as acute pneumonia. Anderson et al reported a 
167% rise in hospital admissions for asthma between 
1979 and 1978,” and it is likely that this trend has 
continued with improved awareness of the illness. 

The proportion of children (9-5%) whose parents 
had been told they had asthma was only slightly 
lower than the 12-1% current prevalence of wheeze. 
These figures compared with just one eighth of the 
9-3% of children identified as having current wheeze 
who had received a diagnosis of, asthma in the study 
of Lee et al in north Tyneside.* Our diagnosis rate 
also compares favourably with the 7-8% reported by 
Heijne den Bak in a training practice in west 
Cumbria. Levy and Bell reported a diagnosis rate 
of 11% put in a practice with a special interest in 
asthma." The proportion of middle class parents and 
home owners in this study was high in comparison 
with the likely range in some inner city environments. 
Presumably these parents would have higher expec- 
tations for accurate diagnosis and effective treatment 
of cheir children if they were having disabling 
symptoms. Despite the apparently excellent diag- 
nosis rate, we found evidence for considerable 
under treatment of asthma symptoms, as reported in 
other studies.>! >? Fewer than half of children with 
current wheeze were receiving any appropriate 
treatment. When the children who had received a 
diagnosis of asthma and had experienced shortness 
of breath or wheeze during the current year were 
analysed, more than a quarter were not receiving 
any form of antiasthma treatment. Fifteen percent 
of the children with diagnosed symptomatic asthma 
were missing more than 20 days of schooling each 
year, and less than half of these were receiving a 
prophylactic medication with 9% not receiving any 
treatment at all. 

In conclusion we have developed and tested a new 
questionnaire for examining the prevalence of res- 
piratory symptoms in children. When applied to a 
large population of 7 and 11 year old schoolchildren 
the symptom of wheeze most closely paralleled the 
diagnosis of asthma with respect to male:female 
ratic and association to parental asthma. Moreover 
the high prevalence of cough with or without 


wheezing and an appreciable decrease of this 
symptom by the age of 11 years identifies a major 
respiratory problem in schoolchildren, which is not 
closely associated with asthma but rather is probably 
associated with recurrent viral infections and later 
acquisition of immunity. The study showed strong 
evidence for under treatment of asthma despite a 
high diagnosis rate. 
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Prevalence of atopy and range of bronchial response 
to methacholine in 7 and 11 year old schoolchildren 


R D CLIFFORD,*¢ M RADFORD,;{ J B HOWELL,* AND S T HOLGATE* 
Departments of * Medicine and {Child Health, University of Southampton 


SUMMARY A sample of 397 from 2503 children aged 7 and 11 years, who took part in an earlier 
questionnaire study of respiratory symptoms in Southampton, was chosen for methacholine 
bronchial provocation and allergen skin testing. Results were obtained from 330 (84%). A good 
level of repeatability was achieved for bronchial provocation testing giving a 95% confidence 
interval equivalent to 1-74 doubling concentrations. The main problem encountered with 
“methacholine was its bitter taste in high concentrations. The proportion of children, in whom the 
dose of methacholine which produced a fall of 20% in the forced expiratory volume in one second 
(PD methacholine) was <6-4 umol, fell from 29-1% at 7 years to 16-5% at 11 years. The 
prevalence of atopy increased from 26% at 7 years to 31-6% at 11 years. A highly significant 
association was found between bronchial responsiveness to methacholine and atopy, which was 


independent of symptoms or age group. 


Tests for quantifying non-specific bronchial respon- 
siveness have become commonplace in laboratory 
baszd research on asthma. In recent years both 
histamine and methacholine challenge tests have 
been introduced for use in community surveys in an 
attempt to enhance the specificity of questionnaire 
studies of asthma because of difficulties in the 
symptomatic definition of this group of diseases. A 
fixed dose methodology suitable for epidemiological 
use has recently been described and validated by 
Yan et al and shown to be safe, easy to perform, and 
highly reproducible in adults.!? The same group 
havz recently reported the use of the method in an 
epidemiological study of Australian schoolchildren. 

In adults Mortagy et al have described a collection 
of symptoms associated with a defined degree of 
bronchial responsiveness to histamine.? It is likely 
that a significant proportion of asthmatic individuals 
may fail to show bronchial hyper-responsiveness on 
a single measurement, a phenomenon that appears 
to be particularly common in children.*? It is 
unclear how many individuals may have measurable 
hyper-responsiveness without symptoms as studies 
purporting to show this have failed to enquire about 
all respiratory symptoms and in particular cough, or 
have failed to separate the latter symptom in their 
analyses. 

Other studies have shown an association between 
bronchial responsiveness and atopy and indicating 


a causal interaction.*° The precise role of these two 
measurements, however, in the aetiology and symp- 
tomatic definition of asthma and other respiratory 
complaints remains a subject of speculation. In this 
study we have examined the range of bronchial 
responsiveness and atopy among children randomly 
selected from a variety of respiratory symptom 
groups. Moreover, we have endeavoured to opti- 
mise the precision of the methodology of Yan et al 
for testing non-specific bronchial responsiveness in 
children,’ and have measured its repeatability and 
comparability with another commonly used method. 


Subject and methods 


SUBJECTS 

The questionnaire part of the study was undertaken 
in the summer term in 55 schools among 2981 third 
year first and middle school children between 6-8 
and 7-8 years and 10-8 and 11-8 years respectively. 
The questionnaire used has been described 
previously.” 

Children were divided into seven symptom groups 
according to answers given on the questionnaire 
(table 1). Each symptom group except group 7. 
referred to symptoms within 12 months from deliv- 
ery of the questionnaire. Children in group 2 
(cough) did not have wheeze or shortness of breath. 
Parents of children in group 6 (bronchial irritability) 
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Table 1 Distribution of symptoms in the general population, numbers of children invited for testing, and numbers finally 
tested for atopy and bronchial responsiveness to methacholine 














Symptom group Population No invited No tested No tested 
No (%)* for testing for bronchial for atopy 
responsiveness 
to methacholine 
1 None 1063 (47-4) 109 80 ` 81 
2 Cough alone 348 (15-5) 66 55 54 
3 Wheeze with or without cough 142 (6-3) 58 51 51 
4 Shortness of breath with or without cough 61 (2-7) 26 24 24 
5 Wheeze and shortness of breath 
with or without cough 150 (6-7) 60 57 57 
6 Bronchial irritabilityt 445 (19-8) 68 54 56 
7 Past wheeze/shortness of breath 34 (1-5) 10 9 9 
8 Incomplete information 260 


t 





*No of questionnaire replies classified to each symptom group also represented in parentheses as a percentage of the children cn 


which complete information is available. 
tSee text for explanation of symptom group. 


had answered negatively to the cough, wheeze, and 
shortness of breath sections, although admitting to 
one or more of these symptoms in response to 
environmental provoking agents including cold air, 
fumes, smoke, and exercise. Children were only 
placed into group 7 (past wheeze/shortness of 
breath) if they did not fall into any of the current 
symptom groups (2-6). Symptom groups were thus 
mutually exclusive. Children in the wheeze and 
shortness of breath sections invariably also had 
cough and bronchial irritability as additional symp- 
toms. 

From 1 October until the end of the autumn term 
1985, 20 visits were made to first schools and 20 to 
middle schools each providing 10 appointments for 
testing of atopic status and non-specific bronchial 
Tesponsiveness. Schools were chosen according to 
the headteacher’s assessment of the appropriateness 
of facilities comprising 27 of the 55 schools involved 
in the questionnaire study. One hundred children in 
group 1 were originally selected together with all 
children from groups 3, 4, 5, and 7 from the 
participating schools. The rest of the cases were split 
between groups 2 and 6 to make a total of 400 with 
equal numbers in each of the two age groups. 
Children were not selected if parents had indicated a 
wish not to be contacted further on the appropriate 
portion of the questionnaire. Some children had 
moved school and were replaced by children in 
group 1 not in the original selection. Selection of 
children from groups 1, 2, and 6 was random. Three 
children, thought by the administration to still be at 
the school, turned out to have left when the school 
was visited for testing, reducing the test selection to 
397. 


Parents were sent an explanatory leaflet together 
with a consent form at least two weeks before testing 
was due to take place. Ethical approval was 
obtained from the Southampton University and 
Hospital’s ethics subcommittee. 


BRONCHIAL PROVOCATION TESTING 
The methodolgy of Yan et al was chosen for its 
simplicity and ease of use in the field.! Methacholine 
was used as the provoking agent because of its lower 
incidence of side effects, stability in solution, and 
economy. On a molar basis its potency as a 
bronchoconstrictor agent is reputed to be similar to 
that of histamine.'! The DeVilbiss No 40 hand held 
nebulisers were used (DeVilbiss). The mean output 
of the nebuliser per actuation was calculated for 
each unit by weighing the nebuliser before and after 
100 consecutive aerosol deliveries. The procedure 
was carried out on five separate days to calculate the 
day to day repeatability in the form of a coefficient 
of variation. In addition, serial measurements of 
mean output per actuation were made by weighing 
before and after 10 puffs on 10 successive occasions 
from which could be calculated the coefficient of 
variation from one actuation to another. A number 
of nebulisers were tested and the best four chosen 
for delivery of the methacholine solutions in the 
study. The information obtained from these 
measurements is summarised in table 2. 
Increasing doses of methacholine were adminis- 
tered to subjects using one to six puffs from the four 
nebulisers containing varying concentrations of 
methacholine solution. The methodology for testing 
has been described in detail elsewhere.' 1? After an 
initial inhalation of normal saline subjects were 
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Table 2 Aerosol output data on the four nebulisers used 
in the study 








Nebulisers 

1 2 3 4 
Output/puff (mlx 107°) 3-13 2.30 2:07 1-98 
Coefficient of variation/puff(%) 17 9 17 12 
Coefficient of variation/day (%) 2 3 2 3 
Required output/puff (umol) 0-8 0-4 0-1 0-025 
Solution concentration (M) 0-255 0-174 0-048 0-013 
Solution concentration (g%) 5-00 3-40 0-947 0-248 


given increasing doses of methacholine from 0-025 
umol to 6:4 umol. The dose given was expressed 
cumulatively by including previous doses. Where’a 
history of moderate to severe asthma was given, 
doubling doses were used. In the remaining subjects 
quadrupling doses were used initially—moving to a 
doubling dose regime if a fall of 10% from the 
postsaline value occurred. The test was continued 
until either the highest dose had been administered 
or a greater than 20% drop in forced expiratory 
volume in one second (FEV;) from the postsaline 
measurement had been recorded. Any bronchocon- 
striction caused by the methacholine was then 
reversed with inhaled salbutamol via a 750 ml valved 
spacer device (Volumatic, Allen and Hanburys). The 
cumulative provocation dose of methacholine re- 
quired to cause a 20% fall in FEV, from postsaline 
baseline (PD) methacholine) was calculated from a 
log dose response curve by linear interpolation. 
Children were divided into two groups according to 
whether they showed bronchial responsiveness to 
<6-4 umol of methacholine, the top dose used. 
Eighteen children did not undergo brenchial pro- 
vocation testing because they had an initial FEV of 
<75% expected for height. Fourteen of these 
showed reversability of airways obstruction by a 
>10% rise in FEV, in response to salbutamol. A 
further child showed a fall in FEV, of >20% in 
response to the forced expiratory manoeuvre but 
reversed with salbutamol. For the purposes of 
analysis we included these 15 children within the 
group who showed bronchial responsiveness to 
methacholine. 

The repeatability of the test was measured by 
testing 32 children on two separate occasions: on 
successive days in nearly all cases and in all cases 
within one week. Three children fell outside the 
range of the test on one or both days. Results were 
thus obtained on 29 children. It was also possible to 
retest a further 13 children using the classical 
method of Cockcroft et al to derive an estimate of 
comparability between the two challenge methods.!° 


SKIN TESTING 

Allergen diluent and histamine controls together 
with three allergen extracts—house dust mite (Der- 
matophagoides pteronyssinus), mixed grass pollens, 
and cat dander (Bencard)—were used for intra- 
dermal testing. These allergens were chosen because 
they have previously been shown to identify >98% 
of atopic children in the United Kingdom.“ © The 
skin was pricked through the forearm using a sterile 
25 gauge needle without drawing blood. Any weals 
produced by the contro! solutions or allergen 
extracts were measured after 10 minutes and the 
diameters recorded. Those with diameters 23 mm 
were scored positive. Children were excluded if the 
allergen diluent control produced a weal of =3 mm 
or if the histamine control failed to produce a weal 
greater than the diluent control. Children with one 
or more positive result were classed as atopic. 


STATISTICAL ANALYSIS 
The Statistical Package for Social Sciences edition X 
was used for categorisation and analysis of data.’© 


Results 


RESPONSE RATES 

The 397 test appointments represented one sixth of 
the 2503 replies to the questionnaire but, because of 
the selection procedure, a higher proportion of the 
symptomatic children (table 1). Of these 341 (86%) 
attended for testing with the consent of their 
parents. Four children refused bronchial provoca- 
tion testing and seven were unable to perform the 
test manoeuvres. Thus 97% of children attending 
were successfully tested for bronchial responsive- 
ness and comprised 83% of all children selected. 
Four children refused skin testing and in five further 
cases results were not recorded in error; results were 
thus obtained for 332 children (84% of selected 
children, 97% of attenders). Skin test results from 
three children were excluded because of inappropri- 
ate control results. 

Methacholine did not cause a hoarse voice or 
flushing as occurs with high concentrations of 
histamine.!! After methacholine challenge there 
were no cases of severe bronchoconstriction and in 
all children rapid reversal occurred after inhalation 
of salbutamol. Three children complained of dizzi- 
ness thought to be related to hyperventilation. One 
child became briefly tearful during testing but 
quickly recovered and completed the test with the 
encouragement of her mother. The major complaint 
from nearly all the children reaching the top 
concentration of methacholine was its bitter taste. 
Many children required considerable encourage- 


Prevalence of atopy and range of bronchial response to methacholine in 7 and 11 year old schoolchildren 1129 


0-65 ° 


2 

an 
a 

. 


ọ 
A 
1 

e 
. 


a 

ea es 
e 

@e 


° 
N 
. 
e 
e 


and day 2 log PDa9 
[>] 


oO 
a 
. 
. 
. 
e 





Difference between day 1 log PDog 


o- 





—— 


m~~ SEA yrr mma 
-10 -0:8 -06 -04 -02 0 02 04 06 08 1C 


Log mean PD 20 


Figure Difference between two sereial PD- methacholine 
measurements plotted against mean PD29. (Altman and 
Bland.?”) 


ent to complete the test because of this character- 
istic. 


REPEATABILITY AND COMPARABILITY 
The difference between the two repeat measure- 
ments of log PD» is plotted against the mean log 
PD» in the figure. It can be seen that there was no 
association between the size of the difference and 
the responsiveness of the subject, thus justifying the 
use of a ¢ distribution to describe the repeatability of 
the method.'” The standard deviation of the differ- 
ence day 1 log PDy—day 2 log PD was 0-255 
giving a 95% confidence interval of 0-524 equivalent 
ta 1-74 doubling concentrations or a factor of 3-34. 
Two of the children retested using the Cockcroft 
method were excluded because of changes in asthma 
control between tests resulting in large changes in 
bronchial responsiveness so that data was available 
on 11 children. The Cockcroft method gives a result 
in terms of concentration of methacholine (nebul- 


ised over a fixed interval) producing a 20% fall in 
FEV, (PC). The mean difference log PD—log 
PC was 0-385 equivalent to a factor of 2-4 or 1-3 
doubling concentrations. Thus multiplication of the 
PD value in umol by 2:4 gives an approximate 
conversion factor for the PC in mg/dl using the 
Cockcroft method. 


ATOPY AND BRONCHIAL RESPONSE TO METHACHOLINE 
The proportion of children shown to have bronchial 
responsiveness to <6-4 pmol of methacholine 
(bronchial responsiveness to methacholine) and the 
proportion designated as atopic based on the results 
of the allergen skin tests are displayed in table 3. 
The estimated prevalences for the whole population 
have been derived from the known proportion of 
each symptom group within the total population 
(table 1) and confidence intervals calculated from 
the summed variances for each group. 

In view of a probable relationship between 
symptoms and both bronchial responsiveness to 
methacholine and atopy,!® the Mantel-Haenszel 
test? was used to control for symptoms when 
examining the association between bronchial re- 
sponsiveness to methacholine and atopy. We also 
controlled for age group in view of alterations in the 
prevalences of atopy and bronchial responsiveness 
to methacholine with age (table 3). Bronchial 
responsiveness to methacholine remained highly 
significantly related to atopy when we controlled for 
these two factors (p<0-0001). The same test was 
used to measure the significance of the negative 
association between age and bronchial responsive- 
ness to methacholine controlling for symptoms and 
atopic status. This association was also found to be 
highly significant (p=0-0028). Similarly the positive 
association between atopy and age was significant 
(p=0-0052) when controls were made for symptoms 


Table 3 Proportions of children displaying bronchial responsiveness to methacholine or with one positive 


skin allergen test 

















Symptom group Bronchial responsiveness to methacholine Atopy 
Age 7 years Age II years Age 7 years Age II years 
% (No)* % (No)* % (No)* % (No)* 
1 None 17-5 (40) 5-0 (40) 25:0 (40) 22-0 (41) 
2 Cough alone 39-4 (33) 13-6 (22) 21-9 (32) 27-3 (22) 
3 Wheeze with or without cough 43-5 (23) 64-3 (28) 52-2 (23) 68-0 (25) 
4 Shortness of breath with or without cough 36-4 (11) 7-7 (13) 27:3 (11) 53-8 (13) 
5 Wheeze and shortness of breath 
with or without cough 52-9 (17) 70-0 (40) 52-9 (17) 77-5 (40) 
6 Bronchial irritability? 30-3 (33) 14-3 (21) 14-7 (34) 27:3 (22) 
7 Past wheeze/shortness‘of breath 33-3 (9) 33-3 (9) 


Estimated % prevalence in whole population 


(95% confidence interval) 29-1 (21-9 to 26-3) 


16-5 (11-1 to 21-9) 26-0 (18-8 to 33-2) 31-6 (23-8 to 39-2) 





*Percentage of number of children (No) tested in that symptom group. 


tSee text for explanation of symptom group. 
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and the presence of bronchial responsiveness to 
methacholine. However, there were no significant 
associations between sex of the child and methacho- 
line bronchial responsiveness or the presence of 


atopy. 
Discussion 


We have confirmed the feasability of a method for 


bronchial provocation testing of children on a large 
scale in the field. While hoarse voice and flushing 


has been commonly reported as a problem with 
higher doses of histamine, methacholine is said to 
have no undesirable side effects.!! In this study of 
schoolchildren we did encounter difficulties with the 
bitter taste of methacholine. This side effect was a 
potential source of difficulty and many children 
needed considerable encouragement to complete 
the six inhalations necessary for the last dose of 
methacholine. This exaggerated response was not 
predicted given the mildness of the taste to an adult 
and should, therefore, be taken into account in 
future studies involving children. 

We have tested the repeatability of our methodol- 


ogy for bronchial provocation testing and have. 


achieved results comparable with those obtained by 
Britton ef al in a study of adults.” The fact that 
repeated measurement of bronchial responsiveness 
can only produce results within a factor of three or 
more of each other should guard against over 
interpretation. For this reason as well as simplicity, 
we have divided children into those with PD.» values 
of less than or greater than 6-4 umol of methacho- 
line, the top dose used in this study. We have thus 
been able to show that one group of children is more 
responsive to methacholine than another but not by 
how much. In a similar way we have classified 
children into atopic and non-atopic groups rather 
than endeavouring to produce a potentially mislead- 
ing ‘atopy index’. This has allowed us to test the 
significance of our findings using simple and reliable 
statistical tests designed for the analysis of categori- 
cal data. 

We have used our data on the individual outputs 
of the nebulisers to calculate the concentrations 
needed for the required delivery of methacholine. 
Yan et al assumed a common output of 0-003 ml for 
each nebuliser, although their data showed that this 
was not the case.! In the present study all methacho- 
line provocation tests were performed by a single 
operator using the same set of nebulisers. For 
epidemiological studies in which several operators 
are used, it would seem wise to measure the outputs 
of each set of nebulisers with the operators using 
them and to adjust the concentrations of provoking 
solution accordingly. Such an approach may im- 


prove reliability as well as comparability between 
studies using simlilar equipment. We recommend: 
that a‘set of nebulisers is chosen with an output 
coefficient of variation of <20%. 

Our data gives a prevalence of 29-1% at 7 years 
and.16-5% at 11 years for a PD2») for methacholine 
of less than 6-4 umol. This compares well with a 
recent study by Salome et al using similar methodol- 
ogy where 17-8% of 8-11 year old Australian 
schoolchildren had a PD» for histamine of less than 
7-8 pmol.” Methacholine has been said to have a 
similar molar potency to histamine when used for 
bronchial provocation.'! The concordance between 
these studies suggests that this is indeed likely to be 
the case. This is an important consideration because 
of the almost interchangeable way in which the two 
substances have been used in different studies. 

The prevalence of atopy in this study of 26% at 7 
years and 31-6% at 11 years is comparable with the 
prevalence of 33-7% found by Godfrey and Griffiths 
for positivity to house dust mite or grass pollen. 
among 303 Southampton children aged 8 to 14 
years.?! The slightly higher prevalence of atopy to 
just two allergens recorded by Godfrey and Griffiths 
together with the higher age range suggests that the 
increase in prevalence recorded in our group be- 
tween 7 and 11 years may continue to 14 years. 

The differences in bronchial responsiveness to 
methacholine and atopy found between the two age 
groups reached a high level of significance but, 
surprisingly, occurred in opposite directions despite 
a strong association between atopy and bronchial 
responsiveness to methacholine. An age related 
change in bronchial responsiveness has not been 
previously reported. It is possible for apparently 
significant associations between unrelated variables 
to occur in epidemiological studies by chance where 
an undiscriminating examination has been made of 
any possible interactions between a large number of 
variables. In this study, however, only a small 
number of interactions were examined based upon 
hypothesis testing, in particular: those between 
atopy and bronchial responsiveness to methacholine 
and between each of these measurements and age, 
sex, and three respiratory symptoms. It is unlikely 
that the differences in bronchial responsiveness to 
methacholine and atopy observed between the two 
ages is due to other differences between the two 
groups as the method of selection was random with a 
broad spectrum between a large number of schools. 
The numbers of children within each symptom 
group were necessarily different but we have con- 
trolled for this in our analyses. 

It might be thought likely that differences in 
bronchial responsiveness between the two ages 
could be the result of differences in airway calibre. 
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Although bronchial responsiveness has been widely 
studied, there is no reported interaction with height, 
indeed such an interaction would invalidate a 
number of studies now reported in the literature in 
adults, children and infants. Airway resistance 
varies with the fourth power of diameter, although 
the association is more complex during turbulent 
flow which may occur during a forced manoeuvre. 
However, tests of bronchial responsiveness depend 
upon a standard change in airway resistance (usually 
resulting in a 20% fall in FEV). A given percentage 
change in airway diameter will result in a larger 
percentage change in airway resistance but the 
association between the two will be the same for 
airways of different sizes providing that there are 
not substantial differences with respect to turbulent 
flow and airway closure. The latter assumption is 
not unjustified as the use of a 20% fall in FEV as 
our endpoint required only a minimal degree of 
bronchoconstriction. It is also improbable that the 
difference between the two ages is dose related as 
the variation in size between the children would be 
grossly outweighed by the use of doubling doses of 
bronchoconstrictor agent. 

The high rate of atopy and the presence of 
bronchial hyper-responsiveness in asthmatic chil- 
dren and adults is well described,” ? and therefore 
our finding of a statistical association between the 
two phenomena is not surprising. In this study we 
have further shown a highly significant association 
between the presence of bronchial hyper- 
responsiveness and atopy which, in being indepen- 
dent of symptoms, indicates a likely interaction 
between the two phenomena. However, the contrast 
between the rise in atopy and fall in bronchial 
responsiveness between 7 and 11 years supports the 
view that bronchial hyper-responsiveness and atopy 
are two independently occurring phenomena which 
nevertheless have important interactions with each 
other. These age related changes contrast with the 
absence of a significant change in wheeze prevalence 
between 7 and 11! perhaps indicating that they 
counteract each other. 

We failed to show any association between gender 
and either bronchial responsiveness or atopy. In the 
questionnaire part of the study a highly significant 
association between gender and wheeze was shown 
among two and half thousand children.!° The 
difference was, however, small and the power of the 
study high. The smaller numbers of children tested 
for atopy and bronchial responsiveness mitigated 
against showing a similar small difference. 

In this study we have shown that reliable informa- 
tion may be obtained from bronchial provocation 
testing of primary school children using simple 
equipment in the field. Our data indicates a de- 


crease in bronchial responsiveness between 7 and 11 
years in contrast with an increase in atopy. Never- 
theless atopy and bronchial responsiveness have a 
close statistical association even when controlling 
for the presence of respiratory symptoms including 
wheeze. Careful analysis of the inter-relationships 
between these variables is necessary to elucidate the 
nature of this interaction and its significance. 
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Associations between respiratory symptoms, 
bronchial response to methacholine, and atopy in two 
age groups of schoolchildren 


R D CLIFFORD,*+ J B HOWELL,* M RADFORD,+ AND S T HOLGATE* 
Departments of *Medicine and }Child Health, University of Southampton 


SUMMARY Data on respiratory symptoms were obtained on 2503 schoolchildren aged 7 and 11 
in Southampton by means of a self administered parental questionnaire. Children were classified 
into seven symptom groups from which 330 were tested for bronchial responsiveness to <6-4 
mol methacholine and skin tested for the presence of atopy. The symptoms of wheeze, cough, 
and shortness of breath were all significantly associated both with each other and bronchial 
responsiveness to methacholine but only wheeze was associated with atopy. The association of 
wheeze with both bronchial responsiveness to methacholine and atopy remained highly 
significant when controlling for the symptoms of cough and shortness of breath. Neither cough 
nor shortness of breath, however, were significantly related to bronchial responsiveness to 
methacholine when controlling for the symptom of wheeze. This study therefore calls into 
question the epidemiological relevance of these two symptoms as diagnostic features of asthma, 
particularly in the absence of wheeze, although they may be useful indicators of morbidity. 

Wheeze was not related to bronchial responsiveness to methacholine in the absence of atopy or 
to atopy in the absence of bronchial responsiveness to methacholine but was strongly related to 
the combination of the two phenomena. The presence of these three characteristics could 
therefore indicate a discrete disease entity. The decrease in the prevalence of cough between 7 
and 11 years appeared to be mirrored by a similar decrease in the prevalence of wheeze when the 
symptom was not associated with the combination of bronchial responsiveness to methacholine 
and atopy. On the basis of these findings and those of others we suggest that the latter group may 
represent children with a separate disease entity(ies) or with residual symptoms secondary to 
acute viral or other infections of the lower respiratory tract. 


The epidemiology of asthma is of importance in the 
study of both temporal and geographical changes in 
the prevelance of the disorder and its possible 
causes.’ Cross sectional studies of asthma preva- 
lence using subject’ recall of previous medical 
diagnoses have failed to achieve their aims largely 
because of the frequent underdiagnosis of the 
condition.” Although studies of childhood asthma 
which have concentrated upon the symptom of 
recurrent wheeze have provided much useful in- 
formation, the precise association of the prevalence 
of this symptom to the prevalence of asthma is 
unknown. Some children with asthma present with 
symptoms other than wheeze, although it is not 
known how many of these would answer negatively 


to a question on the symptom. On the other hand 
intermittent symptoms similar to asthma are known 
to occur for years after acute episodes of bronchio- 
litis? * and pertussis,’ but disappear with increasing 
age? 4 and are probably unrelated to the presence of 
atopy® ’ or a family history of asthma.” 

The provocation of acute airways obstruction 
using non-specific agents such as exercise, inhalation 
of cold air, histamine, or methacholine as indirect or 
direct indices of non-specific bronchial responsive- 
ness has a long history in the study of asthma but has 
only recently been used in large scale epidemio- 
logical studies in adults® and children.° However, 
the association of non-specific bronchial hyper- 
responsiveness to asthma is no clearer than that of 
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wheeze. For instance, a large overlap is known to 
occur in levels of measurable bronchial responsive- 
ness between asymptomatic and clearly symptoma- 
tic individuals and is particularly obvious in 
children.!° There have been a number of studies 
linking the presence of atopy to asthma but the role 
of this immunological abnormality as a defining 
characteristic of asthma is also unclear. 

We have previously described the results of a 
questionnaire survey of respiratory symptoms in 
2503 Southampton schoolchildren! and in a second 
paper the results of methacholine bronchial pro- 
vocation with allergin skin testing of 332 of the same 
children selected on the basis of symptom group.” 
We now present the associations found between 
symptoms and the results of bronchial provocation 
and allergen skin testing in 7 and 11 year old 
children from the same population. 


Subjects and methods 


QUESTIONNAIRE STUDY 

All children within the age groups 6-8-7-8 years (7 
yeer olds) and 10-8-11-8 years (11 year olds) in 55 
schools in the urban environment of Southampton 
were included in the study. The questionnaire, 
which has been described elsewhere,"! contained 
questions designed to identify current and past 
symptoms of wheeze, shortness of breath, and 
cough in addition to provoking factors. 


BRGNCHIAL PROVOCATION 
TESTING 

Children were placed into one of seven mutually 
exclusive symptom groups according to the answers 
provided on the respiratory questionnaire (table 
1)."* These groups mainly related to the symptoms 
of wheeze, cough, and shortness of breath but also 
included a group of children whose parents had 
answered negatively to those sections of the ques- 
tionnaire but positively when asked about the effect 
of a number of environmental irritants. For brevity, 
this group was classed as having ‘bronchial irri- 
tability’. With the exception of group 7, each 
symptom group referred to symptoms within 12 
months from delivery of the questionnaire. Four 
hundred children were selected from these groups 
for methacholine bronchial provocation and allergen 
skin prick testing of whom 341 attended, 330 being 
successfully tested for bronchial responsiveness and 
329 for atopy.” 

The methodologies used for the bronchial pro- 
vocation and allergen skin prick tests have been 
described in detail elsewhere.!* ' The cumulative 
provocation dose of methacholine required to cause 
a 20% fall in forced expiratory volume in one second 


AND ALLERGIN SKIN PRICK 


Table 1 Proportion of children within each 
symptom group, response to methacholine, and allergen 
skin testing 





Bronchial 
responsiveness to 
methacholine 


Symptom group Atopy % (No}* 





% (No)* 

1 None 11-3 (80) 23-5 (81) 
2 Cough alone 29-1 (55) 1 24-1 (54) 
3 Wheeze with or 

without cough 56-3 (48) 2 56-9 (51) 2 
4 Shortness of breath 

with or without cough 20-8 (24) 41-7 (24) 
5 Wheeze and shortness of 

breath with or 

without cough 64-9 (57) 2 70-2 (57) 2 
6 Bronchial irritabilityt 24-1 (54) 19-6 (56) 
7 Past wheeze/ 

shortness of breath 33-3 (9) 33-3 (9) 





*Percentage of number of children tested (No) in that symptom 
-group who displayed the characteristic. 

+See text-for_ explanation of symptom group. 

X tests: all symptoms-v atopy: p<0-001; all symptoms v bronchial 
responsiveness to methacholine>-p<0-001; each symptom group v 
no symptoms: 1, p<0-02: 2, p<0-0001: other differences not signi- 
ficant. 


(FEV,) from a postsaline baseline (PD) metha- 
choline) was calculated from the log-dose response 
curve by linear interpolation. As most children did 
not respond to even high doses of methacholine, 
they were divided into those with PD values of less 
than or greater than 6-4 umol, the top dose of 
constrictory agonist used in this study. It was thus 
possible to show that one group was more metha- 
choline responsive than another but not by how 
much. For convenience we have classified these 
children with a PD methacholine of <6-4 umol as 
having the characteristic of bronchial responsiveness 
to methacholine but the arbitrary nature of this 
classification should not be forgotten. Fifteen 
children with an FEV, <75% expected for height 
were not tested but showed reversability with 
salbutamol. These children were therefore classified 
within the group with bronchial responsiveness to 
methacholine for the purpose of analysis. 

Three allergen extracts, house dust mite (Der- 
matophagoides pteronyssinus), mixed grass pollens 
and cat dander (Bencard) were used for skin prick 
testing. Children with one or more positive results, 
when compared with appropriate controls, were 


5 


classed as atopic. "* " 


STATISTICAL ANALYSIS 

The Statistical Package for Social Sciences edition X 
was used for categorisation and analysis of data.!° 
Correlations between variables were calculated 
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using x? analyses and the Mantel-Haenszel test 
where appropriate." 


Results 


Bronchial responsiveness to methacholine, as de- 
fined above, was shown to occur in 111 (33-6%) of 
the 330 children tested and a positive immediate 
response to allergen skin testing (atopy) was found 
in 125 (38-0%) of 329 children tested. The two 
symptom groups containing children with wheeze 
(table 1: groups 3 and 5) included the highest 
proportions with bronchial responsiveness to 
methacholine and with atopy. Testing by x? of the 
overall association between symptoms and bronchial 
responsiveness to methacholine showed this to be 
highly significant (p<0-001). The associations 
between symptoms and the presence of a positive 
skin response to each of the three allergens was also 
highly significant (p<0-001 in each case). When 
compared with children without symptoms, the 
associations between the reported symptom of 
wheeze and bronchial responsiveness to methacho- 
line and between wheeze and atopy were highly 
significant. Nevertheless of 105 children with 
wheeze, 42 did not display bronchial responsiveness 
to methacholine and 39 of 108 were found not to te 
atopic. The strength of the associations between 
wheeze and bronchial responsiveness to metha- 
choline and between wheeze and atopy appeared to 
be greater in the presence of shortness of breath but 
these were not significant observations. A signi- 
ficant association was found between bronchial 
responsiveness to methacholine and the symptom 
group ‘cough alone’ (p<0-02) but this did nat 
correlate with the presence of atopy. The small 
number of children in the shortness of breath alone 
group prevented adequate assessment of the signi- 
ficance of the symptom on this analysis. 

The results of the questionnaire survey showed 
that wheeze, cough, and shortness of breath were all 
associated with each other (p<0-001 for each 
association controlling for the remaining symptom 
group). The data were therefore further analysed by 
respiratory symptom (wheeze, cough, or shortness 
of breath) controlling for the presence of the other 
two symptoms. This also allowed us to examine all 
children in groups 4 and 5 (table 1) with respect to 
shortness of breath by controlling for wheeze and 
cough. In this analysis wheeze remained strongly 
related to both bronchial responsiveness to metha- 
choline (p<0-0001} and atopy (p<0-0001) when 
controlling for the symptoms of cough and shortness 
cf breath. By contrast, when controlling for wheeze, 
the symptoms of cough, shortness of breath, and 
‘bronchial irritability’ all failed to show significant 


associations with either bronchial responsiveness to 
methacholine or atopy (tables 2 and 3). 

We had previously found that bronchial respon- 
siveness and atopy were closely related even when 
controlling for symptoms.!* We therefore tested the 
independence of the associations between wheeze 
and atopy and between wheeze and bronchial 
responsiveness to methacholine. Overall wheeze 
remained strongly related to atopy when controlling 


Table 2 Effect of wheeze on the proportion of 
children with bronchial responsiveness to methacholine 
controlling for the presence of other symptoms 





Wheeze absent Wheeze present 
% (No)* % (No)* 
Shortness of breath: 
Absent 20-7 (198) 54-9 (51) 
Present 20-8 (24) 64-9 (57) 
Cough: 
Absent 17-3 (150) 65-4 (26) 
Present 27:8 (72) 58-5 (82) 
Bronchial irritability: 
Absent 16-0 (106) 87-5 (8) 
Present 25-0 (116) 58-0 (100) 


*Percentage of number of children tested (No) with each symptom 
combination who displayed bronchial responsiveness to metha- 
choline. 

Mantel-Haenszel tests: wheeze v bronchial responsiveness to 
methacholine controlling for shortness of breath, cough, and 
bronchial irritability: p<0-0001; shortness of breath, cough, and 
bronchial irritability v bronchial responsiveness to methacholine 
controlling for wheeze: all not significant. 


Table 3 Effect of wheeze on the proportion of 
children with atopy controlling for the presence of other 
symptoms 





Wheeze absent Wheeze present 





% (No)* % (No)* 

Shortness of breath: 

Absent 23-0 (200) 60-4 (48) 

Present 41-7 (24) 70-2 (57) 
Cough: 

Absent 22-9 (153) -76-0 (25) 

Present 29-6 (71) 62-5 (80) 
Bronchial irritability: 

Absent 23-6 (106) 75-0 (8) 

Present 26:3 (118) 64-9 (97) 





*Percentages of number of children tested (No) with each symptom 
combination who displayed atopy. 

Mantel-Haenszel tests: wheeze v atopy controlling for shortness of 
breath, cough, and bronchial irritability: p<0-0001; shortness of 
breath, cough, and bronchial irritability v atopy controlling for 
wheeze: all not significant. 
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for the presence of bronchial responsiveness to 
methacholine (p<0-0001) and to bronchial respon- 
siveness to methacholine when controlling for atopy 
(p<0-0001). It was clear during this analysis, how- 
ever, that wheeze was not related to atopy in the 
absence of bronchial responsiveness to methacholine 
or to bronchial responsiveness to methacholine in 
the absence of atopy (tables 4 and 5). Thus while 
57 of 69 (82-6%) atopic children with wheeze 
displayed the characteristic of bronchial responsive- 
ness to methacholine, this was only true of five of 35 
(14-3%) children with wheeze but who were not 
atopic (table 4). Similarly 57 of 62 (91-9%) wheezers 
wita bronchial responsiveness to methacholine were 
atopic compared with 12 of 42 (28-6%) of those who 
did not respond to methacholine. In the absence of 
atopy (table 5), more children with any reported 
respiratory symptom displayed bronchial respon- 
siveness to methacholine compared with asymp- 
tomatic children but this difference just failed to 
reach significance (Fisher’s exact test: p=0-074). 

- ‘A comparison was made between the two age 
groups of children with the current symptom of 
wheeze with respect to the presence or absence of 
the combination of bronchial responsiveness to 
methacholine and atopy. It was found that 61-5% 
(24/39) of the 7 year old children with wheeze did 
not have both of these characteristics while this 
figure decreased to 35-4% (23/65) in the 11 year olds 


Table 4 Effect of wheeze on the proportion of 
children with atopy controlling for the presence of 
bronchial responsiveness to methacholine 





Wheeze Wheeze p Value 
absent present e) 
% (No)* % (No)* 
Atopy absent 15-4 (162) 14-3 (35) NS 
Atopy present 35:7 (56) 82-6 (69) <0-001 


*Percentages of number of children tested (No) with each combina- 
tion who displayed bronchial responsiveness to methacholine. 


Table 5 Effect of wheeze on the proportion of children 
with bronchial responsiveness to methacholine 
controlling for the presence of atopy 








Wheeze Wheeze p Value 
absent present (x) 
% (No)* % (No)* 
Bronchial responsive- 
ness to methacholine: 
Absent 20-8 (173) 28-6 (42) NS 
Present 44-4 (45) 91-9 (62) <0-001 





*Percentages of number of children tested (No) with zach combina- 
tion who displayed atopy. 


(p=0-017). Although failing to reach significance, 
these figures suggest that a fall in the prevalence of 
wheeze which is unassociated with bronchial 
responsiveness to methacholine and atopy may 
occur between 7 and 11 years mirroring the fall in 
the prevalence of cough."! > 


Discussion 


We have performed a questionnaire survey of 
respiratory symptoms including wheeze among over 
2500 schoolchildren of 7 and 11 years and in nearly 
330 have performed tests of bronchial response to 
methacholine and skin sensitivity to three common 
allergens with the aim of discovering the associa- 
tions between these variables and suggesting their 
role in the epidemiological definition and study of 
asthma. 

Two factors examined in the first paper were 
found to be strongly related to the prevalences of 
respiratory symptoms’!: the presence of parental 
asthma and the sex of the responder to the 
questionnaire. We have not controlled for either of 
these factors which did not, in any case, enter into 
our randomised selection of children for testing. 
Either parental asthma or sex of responder might 
result in over or under reporting of symptom 
prevalences. In simple terms, this means that either 
could affect the precision with which the parent has 
answered the questionnaire. Clearly, this is not 
measurable and could be altered by any number of 
other factors. Imprecision may have blurred some 
weak associations but is not likely to have streng- 
thened those described in this report or created 
associations which are not there—this would be a 
matter of chance which, therefore, has been 
measured by the statistical tests described. Although 
parents were told that testing would take place on 
some of the children, the nature of the tests was not 
outlined in the literature accompanying the initial 
questionnaire. Clearly, parents could not, in any 
case, have known the results of the tests to be 
performed on their children the following term. It is 
possible that the relationship between the sex of the 
responder to the questionnaire and the symptoms 
reported represents under or over reporting by 
fathers and mothers respectively. However, informal 
discussion with parents who attended with their 
children revealed a tendency for the mother or both 
parents together to complete the questionnaire if the 
child suffered significant symptoms. 

The data presented in this and the preceding 
papers include a number of interesting negative 
findings. Mortagy et al were successful in finding a 
group of respiratory symptoms within the adult 
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population which appeared to be universally associ- 
ated with a defined degree of bronchial responsive- 
ness (nocturnal dyspnoea, morning tightness lasting 
longer than one hour, and shortness of breath or 
wheeze in response to environmental irritants and 
cold). One of the aims of the present study was to 
find a similar group of symptoms which could be 
reported by parents in their children. In view of the 
close associations found by Mortagy et al,!8 it was 
surprising to find that none of the symptoms 
described by the latter group, or any symptom other 
than wheeze, could be shown to have any separate 
association with either bronchial responsiveness or 
atopy. Our inability to corroborate the findings of 
Mortagy et al may indicate a difference between the 
paediatric and adult populations. Alternatively, it 
may simply indicate the fundamental difference 
between the subjective reporting of symptoms by 
adults and the objective nature of parent’s observa- 
tions. The children within our study population, 
however, were within an age range who would be 
able to report their symptoms to their parents. It is 
likely that further studies in adults, which may or 
may not corroborate the findings of Mortagy et ai, 
will be required before these questions can be 
answered. 

The absence of an association between symptoms 
other than wheeze and either methacholine bron- 
chial responsiveness or atopy mirrored our previous 
finding that neither cough nor shortness of breath 
were related to parental asthma when we controlled 
for the symptom of wheeze.!! This finding was not 
altered by confining our analyses to symptoms 
occurring at night or in the morning or in response 
to environmental irritants. In view of the common- 
place occurrence of both shortness of breath and 
cough in known asthmatics, this is an unexpected 
finding. In contrast, the associations between 
wheeze and parental asthma, bronchial responsive 
to methacholine and atopy were highly significant. 
Although children with asthma may present with the 
symptoms of cough or shortness of breath, most if 
not all of these will be found to have the additional 
symptom of wheeze on direct questioning. In the 
absence of wheeze, these findings indicate that the 
significance of cough or shortness of breath in 
relation to the diagnosis of asthma should be 
regarded with caution in future epidemiological 
work in children, although their usefulness as 
markers of morbidity is not in doubt. These data 
would also suggest that the treatment of children, 
who complain of recurrent cough, for asthma when 
there are no other indicators of the disease should 
be regarded with circumspection particularly in view 
of the commonness of this symptom. 1! 

This study has shown an intriguing inter-relation- 
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ship between the symptom of wheeze and the 
characteristics of bronchial responsiveness to 
methacholine and atopy. We have previously shown 
that bronchial responsiveness to methacholine and 
atopy remained strongly associated when controlling 
for wheeze, suggesting either a causal interaction or 
a common defect. The associations between wheeze 
and both bronchial responsiveness and atopy are 
well known. However, in this report we have shown 
that wheeze was quite unrelated to bronchial 
responsiveness to methacholine in the absence of 
atopy, despite a highly significant association 
among atopic children. Similarly wheeze was 
only related to atopy in the presence of bronchial 
responsiveness to methacholine but not otherwise. 
It would thus appear that the joint presence of these 
two phenomena is necessary for the manifestation of 
the symptom of wheeze and may represent a distinct 
pathological entity which is likely to be closely 
related to the clinical diagnosis of asthma. It is, of 
course, unlikely that a PD 9 of 6-4 umol represents a 
precise point below which wheeze and atopy are 
related; however, most responsive children had a 
PD between 1-6 and 6-4 umol suggesting that a 
cut off point broadly exists within this range. 
Children below this range might be described as 
‘hyper-responsive’ because of the close association 
with atopy and recurrent wheeze indicating a 
pathological state. A fixed cut off only represents a 
statistical risk factor, however, and the occurrence 
and severity of wheeze, even in the presence of high 
degrees of bronchial responsiveness and atopy, is 
likely to depend upon a number of additional 
factors. 

Overall, just over half of the children with wheeze 
whom we tested did not display both bronchial 
responsiveness to methacholine and atopy. Further- 
more, many children suffered with respiratory 
symptoms other than wheeze particularly cough. It 
is likely that these children occupy more than one 
pathological entity. It was noted in the first study 
that, whereas there was a sharp decline in the 
prevalence of cough between 7 and 11 years, the 
prevalence of wheeze remained unchanged. Data 
presented in this paper suggest that there is likely to 
be a parallel decline in the prevalence of wheeze 
when it is not associated with the combination of 
atopy and bronchial responsiveness to methacholine. 
It is now well known that children suffering a variety 
of respiratory insults in early life, particularly 
respiratory syncytial virus bronchiolitis, may have 
persisting respiratory problems into early school age 
which have usually almost resolved by the age of 10 
years.* More recent studies have shown that these 
children are not more atopic than the normal 
population and do not have a stronger family history 
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of asthma.° 7 It is likely that the group of children in 
this study who suffered cough and wheeze unasso- 
ciated with bronchial responsiveness to methacholine 
or atopy includes such children with symptoms 
sutsequent to viral or other infections in infancy, 
and the decline in prevalence of these symptoms 
represents the gradual resolution reported in other 
studies. 

We also showed a likely but again just not 
significant association between respiratory symptoms 
generally and bronchial responsiveness to metha- 
chcline in the absence of atopy. It is possible that 
the latter children are suffering intermittent 
bronchial responsiveness to methacholine—for 
instance, in association with viral upper respiratory 
tract infections. This would be more difficult to 
show on a single measurement and the symptoms 
less easy to distinguish. Certainly this study showed 
a high background level of bronchial responsiveness 
to methacholine with no associated atopy or wheeze 
which is otherwise difficult to explain. Many young 
children who later develop classical asthma 
symptoms wheeze only after upper respiratory tract 
infections with apparent complete normality 
between attacks. In the past this condition has been 
labelled ‘wheezy bronchitis’ but more recently has 
been shown to be indistinguishable from asthma in 
terms of allergy, family history, and prognosis.’ It 
is possible that tests for atopy and perhaps serial 
measurements of bronchial responsiveness could be 
used to distinguish these children from those with 
symptoms subsequent to bronchiolitis and thus 
provide information on prognosis and perhaps 
treatment of the various forms of intermittent 
inflammatory airway disease. By performing a cross 
sectional survey, we have examined all our subjects 
over a short period of time. We have thus avoided 
possible differences between the two age groups 
which could occur as a result of year to year 
environmental alterations such as weather changes 
and fluctuations in the prevalences of viral and other 
respiratory infections. However, this study cannot 
provide information on changes occurring within 
individual children. A longitudinal study would be 
necessary to further test these hypotheses and firmly 
establish the natural history of the symptom sub- 
groups in relation to atopy and bronchial hyper- 
responsiveness. 

In the two previous papers we have shown a 
strong association between wheeze and the symp- 
toms of cough and shortness of breath confirming 
their importance in the symptomatology of asthma. 
The lack of a separate association between cough, 
shortness of breath, or bronchial irritability as 
defined by Mortagy et al,'® and any of bronchial 
responsiveness, atopy, or parental asthma when 


controlling for wheeze, indicates that these symp- 
toms are not useful as epidemiological markers of 
the diséase in childhood. We have shown a number 
of significant changes between the ages of 7 and 
11 years, including a fall in the prevalence of 
cough, an increase in the prevalence of atopy, and a 
fall in bronchial responsiveness to methacholine, 
with no associated changes in the prevalence of 
wheeze. We have been able to separate out from 
this confusing picture a distinct entity characterised 
by wheeze in association with both atopy and a 
bronchial response to low doses of methacholine. 
Whether this syndrome represents a distinct entity 
or deserves the label ‘asthma’ is a matter of 
conjecture at present and clearly warrants further 
study. 
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SUMMARY Forty nine infants of HIV seropositive women were followed up for a median of 24 
months, together with 24 controls. The infection status of 11 index children under 18 months of 
age was indeterminate; 34 were presumed uninfected while four showed clinical and laboratory 
evidence of HIV disease. Based on current definitions of HIV infection and excluding children 
under 18 months old as well as those who had not been studied from birth, two out of 28 children 
were infected. The estimated rate of maternofetal transmission was therefore 7-1%. In children 
wiih proved infection, sequential laboratory data showed that hypergammaglobulinaemia was 
noted as early as 6 months and often predated clinical signs. This observation, in the presence of 
non-specific clinical findings, was helpful in alerting the paediatrician to a diagnosis of HIV 


infection. 


Vertical transmission of the human immuno- 
deficiency virus (HIV) is now well documented,’? 
although the exact risk has not yet been quantified. 
Rates of transmission appear to vary from 22-65%, 
depending on inclusion criteria and duration of the 
study as well as methods used to define paediatric 
HIV infection.** The diagnostic value of an HIV 
antibody test is limited by the presence of passively 
acquired maternal antibody in infants. Clinical 
evidence of infection is also unreliable, especially in 
the early stages when signs and symptoms are non- 
specific.’ The inclusion of control children is there- 
fore essential, in order that clinical and laboratory 
parameters can be evaluated. So far, no study of 
mother to child transmission of HIV has included a 
control group. 

In the United Kingdom, Edinburgh has been 
reported to have the largest population of intra- 
venous drug users infected with HIV, one third of 
whom are young women.® Most were infected 
during an epidemic of needle sharing in 1983-4, and 
most are asymptomatic at present. Centres which 
repcerted high rates of vertical transmission of HIV 
had initially concentrated on women who had more 
advanced disease. We postulated that the same risk 
might not apply when the mother had preclinical 
disease. Infants born to HIV seropositive women 


were therefore enrolled into a prospective study to 
evaluate the risk of maternofetal transmission and 
to define the natural history of perinatally acquired 
HIV disease in those who were infected. 


Subjects and methods 


SUBJECT SELECTION 

The paediatric counselling and screening clinic at 
the City Hospital in Edinburgh was established in 
January 1986 to monitor all infants born to HIV 
seropositive women. Edinburgh is one of the centres 
collaborating in the European Multicentre Study on 
perinatal transmission of HIV. 

Most HIV infected pregnant women were identi- 
fied in the antenatal period. If the woman chose to 
continue with her pregnancy, permission was sought 
for inclusion of her infant in the study. Thirty nine 
infants were thus enrolled, together with 10 who 
were referred either subsequent to the mother’s 
HIV antibody test being positive, or because of 
symptoms suggesting HIV disease. These 49 infants 
comprised the index group. 

Twenty four infants born to HIV seropositive 
fathers but whose mothers remained seronegative 
were included as controls. Mothers were tested after 
self identification of high risk activities, and belonged 
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to similar socioeconomic groups as mothers who 
tested positive. 


PROCEDURE AT FOLLOW UP 

The procedure at follow up was identical for 
children in both index and control groups. Those 
infants identified antenatally were seen and ex- 
amined at birth, at age 6 weeks, and 3 months, and 
at intervals of three months until the age of 2. 
Thereafter review occurred every six months if the 
child remained well. Others were seen according to 
the protocol from the time of referral. 

At each visit, a history was taken according to a 
standard questionnaire and the child examined for 
symptoms and signs of HIV disease. Developmental 
screening was performed using the Denver develop- 
mental screening test. Length, weight, and head 
circumference were documented. Blood was then 
taken for laboratory tests. 


LABORATORY METHODS 
At intervals of three months HIV antibody was 
measured in both index and control children using 
an antiglobulin enzyme immunoassay (Abbott 
Recombinant HIV 1 ETA) followed by a com- 
petitive enzyme immunoassay (Wellcozyme). For 
index children, HIV 1 antigen was measured by 
quantified enzyme immunoassay (Abbott HTLV 3 
antigen EIA). Lymphocytes were cultured for HIV 
every six months in all index children; positive 
results were confirmed by antigen capture. 

Other investigations on peripheral blood included 
measurement of haemoglobin, total white cell and 
differential count, T lymphocyte subsets, platelet 
count, and immunoglobulin concentrations as pre- 
viously described.* 

The significance of various comparisons were 
tested using the y? test, or Student’s f test as 
appropriate. 


Results 


MATERNAL DATA 

Characteristics of mothers of index and control 
children are shown in table 1. All were white. Thirty 
seven index mothers were infected through intra- 
venous drug use and six were heterosexual contacts. 
No differences were seen between the two groups cof 
women in the use of drugs during pregnancy, 
although more index mothers resorted to drug use 
after the birth of the child. No woman had AIDS or 
AIDS related illnesses before the delivery of the 
child, although one developed Pneumocystis carinii 
pneumonia during a third pregnancy that was 
terminated at 18 weeks’ gestation. The remaining 42 
index mothers were clinically free of HIV related 


Table 1 Characteristics of 43 index and 24 control mothers 





Index Control 

No (%) No (%) 
Mean age at delivery (years) 24-1 23-6 
Single mother 15 (31) 5 (21) 
First born child 21 (43) 11 (45) 
Drug use during pregnancy 14 (29) 2 (8) 
Drug use since pregnancy 20 (41) 2 (8)* 
Infant in alternative care 12 (24) 1 (4) 


*p<0-05 (x? test). 


symptoms. There were two sets of twins and four 
sibling pairs among the index children. 


INFECTION STATUS OF INDEX CHILDREN 

Four index children showed clinical evidence of HIV 
disease (table 2), two of whom were referred 
because of symptoms. All had positive cultures for 
HIV, with HIV antigenaemia and persistence of 
HIV antibody beyond 18 months of age. These 
children were definitely infected. 

Of the remaining cohort, 11 were under 18 
months of age and because of presence of maternal 
antibody, were classified as indeterminate status.’ 
None had positive results for HIV antigen or 
culture. Of 38 index children over the age of 18 
months, 34 were HIV antibody negative, HIV 
antigen as well as culture negative. They were 
clinically free of symptoms that suggest HIV disease 
and have normal tests of immune function. These 34 
children were presumed uninfected. 


PERINATAL DATA 

Table 3 summarises perinatal data of index and 
control children, with the index cohort separated 
into children who were infected and those presumed 
uninfected. The mean birth weight was significantly 
lower in index children presumed uninfected (95% 
confidence interval (CI) 2714 to 3078 g) when 
compared with controls, (95% CI 3069 to 3527 g) 
and the difference remained when all children 
whose mothers used drugs during pregnancy were 
excluded from analysis. The effect of preterm 
delivery was allowed for by extrapolating preterm 
birth weight to term, along the same centile, and 
index children presumed uninfected were signi- 
ficantly lighter than controls. 

All but one index infant were delivered by 
spontaneous vaginal delivery. Neonatal special care 
was required mainly for drug withdrawal symptoms 
and intrauterine growth retardation. Intensive care 
was only necessary for two index infants because cf 
problems arising from preterm delivery. These. 
consisted of meningitis with septicaemia resulting 
in ventriculoperitoneal shunts for hydrocephalus 
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Table 2 Clinical and laboratory evidence of HIV infection in four children 


























Sex Birth Gestation Symptomsisigns Lowest Lowest ' Highest Outcome 
weight (weeks) (age in months absolute platelet IgG (age at 
(g) when first T4 count count (gil) last review) 
appeared) (x10°/1) (x 10711) 
F 3273 42 Lymphadenopathy (6) 
Respiratory infections (6) 
Hepatomegaly (6) 
Failure to thrive (6) 0-16 79 16-0 On intravenous 
Interstitial pneumonia (9) IgG and zidovudine 
Diarrhoea (34 months) 
Eczema (12) 
M 930 29 Recurrent cough (8) 
Purpura (9) ` 
Lymphadenopathy (14) 0-55 14 24-0 On intravenous 
Hepatosplenomegaly (14) IgG (50 months) 
Night sweats (30) 
Parotitis (44) 
F 3320 38 Respiratory infections (6) 
Diarrhoea (6) 
Lymphadenopathy (10) 
Recurrent fever (10) 
Hepatosplenomegaly (10) 0-05 50 20-8 On intravenous 
Pneumonia (12) IgG and zidovudine 
Purpura (34) (46 months) 
Dry skin (36) 
Molluscum (42) 
F . 2180 37 Respiratory infections (3) 
Diarrhoea (3) 
Lymphadenopathy (6) 1-0 - 19 23-2 On intravenous 
Eczema (15) IgG (25 months) 
Hepatosplenomegaly (15) 
Table 3 Perinatal data of 38 index and 24 control children 
Index Control 
(n=24) 
Infected Presumed 
(n=4) uninfected 
(n=34) 
Boys I 18 15 
No with delivery <37 weeks’ gestation 1 6 2 
No with birth weight<10th centile . 1 9 2 
No who had neonatal special care 3 7 3 
Mean birth weight (g) 2426 2896* 3298* 
Mean birth weight (g) 3296 3027* 3378* 


(excluding children whose 
mothers used drugs during 
pregnancy) 





*p<0-02 (Student's unpaired ¢ test). Other comparisons. between index and control as well as within index children, did not reach 


significance. 


and necrotising enterocolitis necessitating laparo- 
tomy. Cystic fibrosis was diagnosed in one index 
infant while another had multiple intracardiac 
tumours. No infant received a blood transfusion in 
the neonatal period, and there were no neonatal 
deaths. The features of HIV embryopathy were not 


observed in any infant.” Although hepatospleno- 
megaly was documented during the neonatal period 
in two index infants, this did not persist beyond 
three months. Two index infants were breast fed 
(for five and 36 weeks each) but none from the 
control group. : 
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CLINICAL OUTCOME 

The median age when last seen was 24 months for 
index infants (range 3 to 52 months), 12 months for 
controls (range 3 to 30 months). No child has been 
lost to follow up. Within the index group, children 
whose infection status was indeterminate have been 
excluded from analysis. Signs and symptoms 
observed in index and control children are shown in 
table 4, with index children separated into those 
infected and presumed uninfected. 

Appreciable lymphadenopathy was defined as the 
presence of nodes >0-5 cm in diameter in more than 
two non-contiguous sites (excluding inguinal) and 
persisting beyond three months. Chronic or 
recurrent respiratory infections were those which 
occurred on three or more occasions within a three 
month period. Recurrent diarrhoea was defined as 
loose stools that persisted beyond 48 hours, required 
treatment, and occurred on more than one occasion 
per month. 

Failure to thrive was diagnosed when the child’s 
sequential weights declined across centile lines. 

As seen in table 4, signs and symptoms were non- 
specific and were seen in control as well as index 
children. Lymphadenopathy and recurrent respira- 


tory infections were seen in appreciably more index 
children, even those presumed uninfected, when 
compared with controls. All index children pre- 
sumed uninfected had symptoms and signs which 
resolved with time; they never had positive HIV 
antigen or culture results. 

Neurological signs were detected only in the child 
with neonatal meningitis (ataxic diplegia). The 
developmental progress of the remaining cohort was 
within normal limits. 


LABORATORY RESULTS 
Laboratory abnormalities are shown in table 5. No 
significant differences were seen when the index 
children were compared with controls. Within 
the index children, however, those presumed un- 
infected were significantly less likely to have per- 
sistent hypergammaglobulinaemia, lymphopenia. 
T4 lymphopenia, and thrombocytopenia. Abnormal 
laboratory results in index children presumed 
uninfected tended to be transient findings which 
returned to the normal range on repeat testing. 
Sequential laboratory data within the index group 
are displayed in table 6. Hypergammaglobulinaemia 
was noted as early as 6 months, and often predated 


Table 4 Clinical signs and symptoms in 38 index and 24 control children 














Index Control 
(n=24) 
Infected Presumed 
(n=4) uninfected 
(n=34) 
Significant lymphadenopathy 4* 9* 0* 
Recurrent respiratory infections 4 13* 2 
Recurrent diarrhoca 4* 11* 5 
Eczematous rash 3 7 1 
Hepatosplenomegaly 4* 4* 0 
Failure to thrive 1 3 0 








*p<0-05 (x° test). Other comparisons between index and control children, as well as within index children, did not reach significance. 


Table 5 Laboratory abnormalities in 38 index and 24 control infants 














a Index Control 
(n=24) 
Infected Presumed 
(n=4) uninfected 
(n=34) 
Hypogammaglobulinacmia 0 13 4 
Hypergammaglobulinacmia 4* 4* 4 
Neutropenia (<1-0x 10°/1) 1 2 3 
Lymphopenia (<2-8x 10°/1) 3* 4* 2 
T4 lymphopenia (<1-0x 10°/1) 3* o* I 
T4/T8<1-0 + ` 1 
Thrombocytopenia (<100x 10/1) + 4* 0 











*p<0-05 (x7 test). 
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Table 6 Sequential laboratory results on index children over 18 months old 














3 Months 6 Months 


9-12 Months 15-18 Months 21-24 Months 








- Infected Presumed Infected Presumed Infected Presumed Infected Presumed Infected Presumed 











(n=2) uninfected (n=2) uninfected (n=2) uninfected (n=3) uninfected (n=3) uninfected 

(n=33) (n=25) (n=32) (n=29) (n=24) 
IgG (g/l) 5-20 3-66 10-30 4-08 12:70 5-59 14-63  7-08* 13-7 7-78 
IgA (g/l) 0-65 0-34 1-40 0-47 1-50 0-78 1-48 0-80 1-17 0-79 
IgM (g/l) 1-10 0-75 1-28 0-81 1-12 1-05 1-13 1-11 1-32 1:16 ` 
Lymphocytes (x10°/1) 8-20 8-10 8-82 790 10-08 6-57 4-81 6:78 6-05 521 
T4 lymphocytes (x 10°/1) ND ND ND 0-82 2-54* 1-59 2-18 
Platelets (x10°/1) 397 376 262 362 294 305 145 336* 52 367* 
The data represent mean values at each follow up interval. ND=Not done. 


*p<0-05 Student’s unpaired ¢ test. 


clinical signs. Significance was not reached until 
15-18 months of age. With progression of clinical 
disease, other useful laboratory markers were T4 
lymphopenia and thrombocytopenia. 


LOSS OF MATERNAL HIV ANTIBODY 
No child in the control group was HIV antibody 
positive at any time. 

Of index infants, maternal HIV antibody was lost 
from 6-18 months, median 12. Thirty four children 
over 18 months of age remained antibody negative. 
Tkey were also HIV antigen as well as culture 
negative. The follow up of these children from the 
time of seroreversion ranged from 3 to 33 months 
(median 18). Subsequent seroconversion after 
seroreversion has not been observed in the cohort. 


RATE OF MATERNOFETAL TRANSMISSION 

To calculate a transmission rate of HIV from mother 
to child, those children aged less than 18 months 
(n=11) as well as those not monitored from birth 
(n=10) have been excluded. Of the 28 remaining 
children, two showed clinical and laboratory 
vidence of HIV disease while 26 were presumed not 
to be infected. The estimated vertical transmission 
rate was therefore 7-1%. (95% CI 0 to 16-6%). 


Discussion 


Initial reports of paediatric AIDS concentrated on 
children who presented with end stage disease,'°"? 
and they are not typical of the entire clinical range of 
HIV infected children. Increasing awareness and 
experience of children at risk of AIDS have allowed 
an improved classification of signs and symptoms 
observed in paediatric HIV infection.’ The children 
in our study with proved HIV infection had 
common, non-specific clinical findings which might 
have been managed differently had they presented 


in another setting. The laboratory abnormalities 
that we observed were not exclusive to the infected 
children, and this again underlines the importance 
of regular follow up with sequential data and the 
inclusion of control children. 

Most index mothers were infected through needle 
sharing during intravenous drug use. As most of 
these women come from areas of multiple depriva- 
tion, this is likely to adversely affect their infant’s 
health and development. A previous study from 
Edinburgh of women who identified themselves as 
being at risk of HIV infection showed no significant 
differences in social. characteristics of those who 
subsequently tested HIV positive, compared with 
HIV negative women.” Rather, similarities were 
seen in infant morbidity (low birth weight, intra- 
uterine growth retardation, preterm delivery) in 
both groups of women, which were increased three 
fold when compared with the general population. 
Our choice of control infants was such that both 
groups were comparable in social and epidemio- 
logical factors, as well as maternal intravenous drug 
use during pregnancy. Despite that, the mean birth 
weight of the index infants presumed uninfected was 
significantly lower than that of controls, allowing for 
maternal drug use and prematurity. This could be a 
direct effect of HIV during pregnancy. 

In estimating the vertical transmission rate, we 
had excluded children under 18 months of age, 
although the current recommendation is that 
children aged over 15 months who test antibody 
positive are defined as infected.’ Our experience is 
that maternal antibody can persist until 18 months of 
age, and had we defined three such children as 
infected, we would have overestimated the pre- 
valence of infection. Children referred because of 
HIV related symptoms would also add to an over- 
estimate of infection. Therefore in the calculation of 
infection risk, only children monitored prospectively 
from birth were included. The risk of vertical 
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transmission, as estimated from our data, was 7-1%, 
lower than that previously reported.*® This could 
be explained, in part. by the fact that all the infected 
women were free of HIV related symptoms during 
pregnancy. Testing for HIV antigen was performed 
in eight mothers during pregnancy, and in 22 after 
delivery of the infant—all were found to be nega- 
tive. Our results must be interpreted with caution, 
as the numbers are small and as yet, the prognosis 
for children aged over 18 months who lose maternal 
antibody is unknown. Although not observed in our 
cohort, children have been reported to lose antibody 
only to seroconvert later on in childhood,!* while 
others have been documented to remain antibody 
negative with positive antigen tests and virus 
culture.* > 15 

Recent developments in diagnostic techniques, 
such as in vitro production of HIV specific anti- 
body,!6 or polymerase chain reactions -for amplifi- 
cation of viral DNA," are still under evaluation and 
not routinely available. A recent study found that 
.six of 14 asymptomatic newborns, and five of 10 
seronegative children of infected mothers were 
positive for HIV-DNA, using the polymerase chain 
reaction technique.'* Using more sophisticated 
tests, the numbers of infected children in our cohort 
could be higher. There is, however, an urgent need 
for improved methods to evaluate the seronegative 
index children who remain clinically well with 
normal immune function, as four mothers have 
embarked on subsequent pregnancies based purely 
on the observation that the index child was symptom 
free and antibody negative (presumed uninfected). 

We were unable to detect any laboratory predictor 
of HIV disease when sequential index and control 
data were compared. In the children with proved 
infection, immunoglobulin concentrations (es- 
pecially IgG) did, however, start to rise before 
clinical signs were obvious. Clinical manifestations 
are non-specific, but when seen in conjunction 
with laboratory abnormalities (hypergammaglobu- 
linaemia, T4 lymphopenia, thrombocytopenia), a 
diagnosis of HIV infection can be strongly suspected 
in a child especially when mother has engaged in 
high risk activities. 

In future, we hope to use the polymerase chain 
reaction to detect HIV-DNA in the index children 
presumed uninfected. It must be stressed that the 
demonstration of viral DNA sequences does not 
imply overt infection, as little is known about the 
immune response to HIV in children infected 
antenatally. Our study stresses the importance cf 
continued careful follow up of all children at risk cf 
HIV infection, to detect early markers of infection 
as well as to determine the outcome of those who 
appear symptom free. f 
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Intravenous immunoglobulin in HIV infection: 
evidence for the efficacy of treatment 
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stmMARY Eight children with symptoms of HIV infection were treated for 12-26 months 
(median 14 months) with infusions of intravenous immunoglobulin (200 mg/kg) every three 
weeks. Significant improvement was noted in all children in terms of weight gain, number of 
infectious episodes, and days spent in hospital. This resulted in a 49% saving in cost on treatment 
` compared with costs accrued previously during inpatient admissions. Immunoglobulin concen- 
trations, which were raised at the start of treatment were not altered, and T4 counts continued to 
decline slowly. HIV core antigen was detected in four children before treatment, but all became 
core antigen negative after treatment was commenced, this effect being sustained in three. 
Intravenous immunoglobulin therefore has major clinical benefit, and by reducing viral activity 


may delay disease progression. 


HIV infection in infants and children is associated 
with high morbidity and mortality,' and present 
therapeutic options are limited to treatment for 
specific infections,” and to zidovudine, which has 
many documented side effects and unknown long 
term sequelae.* As in adults, these infants may 
present with opportunistic infections and features 
suggestive of deficiencies of cellular immunity, 
with reversed T4/T8 ratios.** In addition, how- 
ever, children commonly present with recurrent 
bacterial infections,'° and defective humoral im- 
munity has been shown.’ Although serum concen- 
trations of IgG, IgA, and IgM are typically 
raised, panhypogammaglobulinaemia has been 
described.>"!! Even in the presence of hyper- 
gammaglobulinaemia, which is attributed to 
` . 12 . 
polyclonal B cell activation,” patients behave as 
thcugh they were hypogammaglobulinaemic. Hence 
passive immunisation in the form of intravenous 
immunoglobulin has been reported to be of 
benefit.'3 !+ The aim of this study, therefore, was to 
make a fuller evaluation of the clinical effect of at 
least 12 months’ treatment, to document any 
changes in laboratory indices of viral activity, and to 
assess the financial implications of committing 
chiidren to maintenance treatment with intravenous 
immunoglobulin. 


Patients and methods 


Eight patients with clinical and laboratory evidence 
of HIV infection were identified, five of whom 
have been described in a preliminary report." 
Clinical features at the start of intravenous immuno- 
globulin treatment are summarised in table 1. 
Children were treated with intravenous immuno- 
globulin on the basis of a history of two or more 
episodes of bacterial pneumonia, a three month 
history of recurrent or chronic upper respira- 
tory tract sepsis or diarrhoea, or both, or symp- 
tomatic thrombocytopenia, with laboratory 
confirmation of HIV infection. All were treated 
every three weeks with 200 mg/kg of intravenous 
immunoglobulin supplied by Scottish National 
Blood Transfusion Service on a hospital day patient 
basis.’ 

The procedure and laboratory methods adopted 
at each visit were as previously described." 

The financial implications were calculated on the 
basis that the cost of intravenous immunoglobulin 
for a 15 kg child is £45 and materials, medical, 
nursing, and administrative staff time is £40; this 
gives a total of £85 per visit, or £1600 per year. The 
cost of inpatient paediatric care in south east 
Scotland is £960 per week.!ë 
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Table 1 Clinical data 








Patient Mode of Age at Time on Stage* Clinical features 
No transmission start (months) intravenous immuno- 
globulin (months) 

1 Vertical 9 26 P2A Recurrent upper respiratory sepsis, diarrhoea, 
eczema, failure to thrive 

2 Vertical 24 23 P2A Recurrent upper respiratory sepsis, recurrent 
pneumonia, diarrhoea 

3 Vertical 27 17 P2B Prolonged pertussis, encephalopathy, recurrent 
pneumonia, diarrhoea 

4 Vertical 48 17 P2D3 Recurrent pneumonia, diarrhoea, oesophageal 
candida, failure to thrive 

5 Blood transfusion 42 16 P2C Purpura, pneumonia, oral candida, lympho- 
cytic interstitial pneumonitis 

6 Vertical 26 14 P2C Upper respiratory sepsis, recurrent pneu- 

' monia, lymphocytic interstitial pneumonitis, 

eczema 

7 Vertical 36 14 P2F Purpura, night sweats, upper respiratory sepsis, 
pneumonia, eczema 

8 Vertical 12 12 P2F Purpura, recurrent fever, upper respiratory 


tract sepsis, eczema 





*Stage according to the Centers for Disease Control criteria.” 


Results 


After 12 months on treatment subjective improve- 
ment in general well being was reported in all eight 
patients. Case 3 showed an initial dramatic improve- 
ment in his encephalopathy, as previously des- 
cribed,'° but later deteriorated to become severely 
handicapped before finally succumbing to a 
pneumonic illness 17 months into treatment. The 
other seven children remain well enough to attend 
normal school (n=2) or nursery (n=5) regularly. 
Table 2 summaries clinical findings before and after 
treatment. The number of infections sufficiently 
severe to require hospital review was significantly 
reduced on treatment, as was recurrent diarrhoea. 
Improvement in weight gain was seen in the cohort 
as a whole (p<0-01); the most dramatic change was 
seen in those children in whom failure to thrive had 
been a presenting feature. 


Table 2 Clinical outcome after treatment 


The total number of days spent in hospital for all 
eight children in the 12 months before treatment 
(except for case 1 in whom only nine months from 
birth had elapsed) was 220 (range 0-60), compared 
with 56 (range 0-20) in the first 12 months on 
intravenous immunoglobulin (p<0-001). Assuming 
an unchanged rate of infection, the difference 
between actual and expected number of days of 
hospitalisation would be 181-6; this would result in a 
saving on inpatient costs of £24 905 compared with 
treatment costs of £12 800. Thus the net saving in 
costs of £1513/patient/year, or 49%, even without 
taking into consideration the travelling costs and 
time lost to the family in attending hospital. 

Symptomatic thrombocytopenia, seen in three 
patients before treatment showed no immediate 
improvement on this dose of intravenous immuno- 
globulin, and a further child developed purpura 
while on treatment. Hypergammaglobulinaemia, 











Before (median) After (median) p Value 
Range of weight velocity (g/month) —212 to +312 (117) 150 to 582 (300) <0-01* 
Total No of serious infectious episodes 34 (3) 6 (1) <0-05* 
Total No of episodes of pneumonia 13 (2) 4 (0) NS 
Total months of recurrent or chronic diarrhoea 49 (9) 21 (3) <0-05* 
No of patients with: 
Upper respiratory tract sepsis 8 8 NS 
Eczema 5 5 NS 
Significant lymphadenopathy 8 6 NS 
Hepatosplenomegaly 7 8 NS 
Thrombocytopenic purpura 3 2 NS 





“Comparison of symptoms and signs experienced by the cohort in the 12 months before and in the subsequent 12 months after treatment. 
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seen in all patients before treatment, was not 
appreciably changed by treatment, and T4 counts 
continued to decline (mean (SD) T4 count at the 
start of treatment was 1-75 (0-5)x10°/, falling to 
1-10 (0-31) x10°/1 at 1 year, and 0-65 (0-45) 10°/1 at 
18 months). i 

All patients were HIV seropositive by enzyme 
linked immunoadsorbent assay (ELISA) and virus 
was isolated in culture from all eight. Four children 
(cases 1, 2, 4, 8) were antigenaemic and anti-p24 
coze antibody negative before the start of treatment. 
Ckanges in antigen concentration after commencing 
treatment are shown in the figure, anticore antibody 
concentrations changing in a reciprocal manner. 
Loss of antigen was sustained in three children, but 
case 4, who had much more advanced disease on 
starting treatment, became antigenaemic again nine 
months into treatment. Three children (cases 3, 5, 6) 
have been consistently antigen negative, and in 
one child (case 7) insufficient data was available 
before the start of treatment, but 12 months after 
treatment he is core antigen positive (>750 
IU/ml). 

Treatment was well tolerated in all children. One 
child developed a brief encephalopathic episode, 
with aphasia and confusion during one infusion, 
over a year after commencing treatment. This was 
attributed to hyperviscosity, and he has had further 
infusions at a slower rate without incident. No other 
side effects have been observed. 
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Figure Sequential antigen concentrations in 

the four children who were antigenaemic before treatment 
with intravenous immunoglobulin expressed 

as Abbott units (positive >20). 


Discussion 


Anecdotal evidence of the benefits of intravenous 
immunoglobulin treatment after short periods of 
follow up has been reported previously by a number 
of groups using regimens varying from 200 mg/kg 
monthly"* to 300 mg/kg every two weeks. All show 
reduction in febrile episodes and number of 
bacterial infections. A more detailed analysis of 
clinical effect is provided by Schaad et al,”° but the 
length of follow up was limited to only six months in 
four of the seven children described. Oleske et al in 
a larger but non-randomised study suggest that 
mortality is decreased." Calvelli and Rubenstein’? 
and Gupta et aP! have also noted changes in T cell 
and cell mediated immune function in vivo. In all 
studies, however, interpretation of results is 
hampered by the small numbers involved and the 
lack of control data. Because of the limited treat- 
ment options, and the small number of children 
involved in our study, we felt an untreated control 
group was not appropriate. Because we have 
followed up these children prospectively from the 
time of their diagnosis as being HIV positive, 
however, we have reliable sequential data for a 
comparable 12 month period immediately before 
treatment was commenced. This enables us to use 
each patient before treatment as his own control, 
given that the natural history of the disease is one of 
deterioration in the absence of intervention. In 
addition, no previous group has documented 
changes in core antigen and antibody concentrations 
after treatment, nor have the financial implications 
been assessed. 

Our group showed a great deal of heterogeneity in 
terms of age, duration, and severity of symptoms 
before treatment, posing difficulties when analysing 
the cohort as a whole. These were partly overcome 
by using the patient as his own control, and also, for 
example, by standardising growth data in terms of 
velocities. The choice of our dosage regimen aiming 
to provide the optimum benefit with minimum 
distress for the child was based upon data from 
treatment of primary hypogammaglobulinaemia.'° 
It is possible, however, that higher doses may be 
required more frequently in hypergammaglobu- 
linaemic patients, as the half life of immunoglobulin 
is reduced at higher serum concentrations. This 
issue of optimal dosage will only be resolved by 
further studies of efficacy. 

Disappearance of core antigen has been described 
in adults after the infusion of plasma high in anti-p24 
antibody and neutralising capacity has been des- 
cribed previously.” No studies of normal immuno- 
globulin treatment have documented changes in 
core antigen, and in view of the small numbers 
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involved, further studies will be required to verify 
these findings. The mechanism is likely to be very 
different, as plasma donors are screened for HIV 
infection and the intravenous immunoglobulin 
preparation has no anti-HIV antibody. It has been 
suggested that the production of HIV antigen is an 
indicator of enhanced expression of viral’ genes,” 
and may reflect the expression of latent virus after 
activation of helper T cells. Bacterial and viral 
infection increase T cell activation, and the dis- 
appearance of p24 antigen after commencing 
treatment may be due to the reduction of viral 
activation after the decrease in infective episodes. 
The continued decline in the T4 count was dis- 
appointing, but the disappearance of core antigen 
with intravenous immunoglobulin treatment 
suggests that the progression to AIDS may be 
delayed, as the loss of anti-p24 antibody and the 
appearance of core antigen are recognised bad 
prognostic signs.” 

The clinical benefit of treatment we have shown, 
together with the quality of life enjoyed by our 
patients, leads us to conclude (in agreement with 
Schaad’s group!) that there is no case for with- 
holding intravenous immunoglobulin treatment in 
symptomatic children. This precludes a double blind 
placebo controlled trial at this stage, although 
further studies may be necessary to optimise the 
dose regimen. What remains unclear, however, is at 
what point in the course of disease treatment should 
be commenced, given that five of our children were 
in the early stages of symptomatic disease (CDC P2 
A/F). A controlled trial will be necessary if we are 
to consider treatment in asymptomatic children. 
This is liable to be problematic, however, because at 
present there is still no reliable diagnostic test of 
HIV infection in young children. As the problem of 
HIV infection in children grows over the next few 
years, routine intravenous immunoglobulin treat- 
ment has major implications in budgeting of hospital 
inpatient and day care facilities. We have shown the 
cost benefit of treatment—at least in the short and 
medium term. In is unlikely, however, that intra- 
venous immunoglobulin will delay progression 
indefinitely, and further advances in immuno- 
therapy, such as the introduction of specific anti- 
HIV neutralising antibody in combination with 
intravenous immunoglobulin and anti-retroviral 
treatment, will be required if we are to improve the 
ultimate prognosis for HIV infected children. 


R Hague is a clinical research fellow funded by the Medical 
Research Council. We would also like to thank the AIDS Virus 
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Night blindness and conjunctival xerosis caused by 
vitamin A deficiency in patients with cystic fibrosis 
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S A VERNON,? AND G BRIMLOWł} 


Departments of * Paediatrics, and {Clinical Chemistry, City Hospital, and {Department of Ophthalmology, 
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SUMMARY Forty three patients with cystic fibrosis, aged 8-44 years (median 16 years), were 
examined for evidence of vitamin A deficiency. Eight patients had abnormal dark adaptation 
tests and three had conjunctival xerosis. Serum vitamin A and retinol binding protein 
concentrations were significantly lower in the affected patients who were also more likely to have 
abnormal liver function tests. Five patients were treated with 100 000-200 000 IU water miscible 
vitamin A orally and their daily vitamin supplements were increased to maintain normal 
concentrations. In four patients dark adaptation tests were repeated. Three were normal, but one 
patient required three further doses of water miscible vitamin A and a daily supplement of 12 000 
IU vitamin A before her dark adaptation threshold returned to normal. Adolescents with cystic 
fibrosis are liable to develop night blindness and conjunctival xerosis, particularly if they have 


liver disease or fail to take daily vitamin supplements. 


When the pathological features of cystic fibrosis 
were first described by Andersen there was evidence 
of vitamin A deficiency in the conjunctivas or 
respiratory epithelia of 10 of the 44 patients 
reported.! Subsequent studies have shown that 
despite taking vitamin supplements and pancreatic 
enzymes to control malabsorption, patients with 
cystic fibrosis tend to have low serum concentrations 
of vitamin A.” > Vitamin A is stored in the liver and 
released bound to retinol binding protein. Normally, 
serum levels of vitamin A and retinol binding 
protein reflect the state of liver stores. Some 
_ patients with cystic fibrosis, however, have low 
levels of retinol binding protein and serum vitamin 
A despite raised concentrations of vitamin A in the 
liver, which suggests that release of vitamin A from 
liver stores may be defective.* 5 
Vitamin A is essential for the synthesis of 
rhodopsin in the retina, and an early symptom of 
vitamin A deficiency is night blindness. It is also 
necessary for the maintenance of secretory epithelia.® 
When vitamin A deficiency is of long standing, 
keratinising squamous metaplasia of the conjunctiva 
_occurs leading to conjunctival xerosis, and eventually 
to xerophthalmia with corneal ulceration. 
There have been few. reports of clinical problems 
caused by vitamin A deficiency in patients with 


cystic fibrosis.” Fulton et al investigated dark 
adaptation in 56 patients with cystic fibrosis and 
found that mean thresholds were higher in patients 
than in controls. Two of their patients had night 
blindness that responded to treatment with water 
miscible vitamin A.'° Only 15 patients, however, 
were able to produce a full dark adaptation curve. 

This study was designed firstly to establish the 
incidence of clinically important vitamin A deficiency 
in a population of patients old enough to perform a 
full dark adaptation test, and secondly to determine 
the optimum treatment for affected patients. 


Patients and methods 


Fifty two patients attending the cystic fibrosis clinic 
in Nottingham who were old enough to perform a 
dark adaptation test were invited to take part in the 
study. All patients were taking two multivitamin 
tablets (5000 IU vitamin A and 100-200 mg vitamin 
E) daily and all except two were taking enteric 
coated pancreatic enzyme supplements. Four normal 
adolescents aged 14-16 years acted as controls. 
Although it is customary to measure serum 
vitamin concentrations when patients had fasted, 
this was not possible because the outpatient clinic 
was held in the afternoon. Vitamin supplements kad 
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been taken before breakfast, at least six hours 
before blood was taken. Venous blood (5 ml) was 
taken and kept in the dark and the serum was 
separated and stored at —70°C until analysis. 
Vitamins A and E were measured by high perfor- 
mance liquid chromatography and retinol binding 
protein by an immunodiffusion kit (LC Partigen, 
Behring). The results of liver function tests carried 
out within three months of the dark adaptation test 
were recorded. These included estimations of serum 
alkaline phosphatase and y glutamyltransferase 
activity, and measurements of the concentrations of 
albumin and bilirubin. 

All patients had their visual acuity measured and 
theiz eyes were examined with a slit lamp and 
ophthalmoscope. Thirty one patients performed 
dark adaptation tests by two methods: a modification 
of the Friedmann field analyser (measuring total 


retinal response) and a computer system (measuring ` 


point retinal responses to red and green spots of 
light). In both tests the retina was first bleached by 
exposure to a bright light. The subject then sat in the 
dark, and the intensity at which a stimulus was first 
detected was measured every few minutes. The 
minimum intensity at which a stimulus could be 
detected after 30 minutes was called the dark 
adartation threshold. If rod vision is impaired, the 
dark adaptation threshold is raised. Because normal 
values for log (dark adaptation threshold) measured 
by the computer system rise slightly with age, the log 
(dark adaptation threshold) for each patient was 
expressed as the number of standard deviations 
from the expected mean for age.!! 

As the computer system was found to be a more 
sensitive test and was easier for the younger patients 
to perform, this alone was used for 12 further 
patients and for the follow up of the abnormal 
patients. 

The first two affected patients to be treated were 
given standard oil based preparations of vitamin A 
intramuscularly or orally. In patients with mal- 
absorption, water miscible preparations of the fat 
soluble vitamins are preferable.” Subsequent 
affected patients were given a single oral dose of 
100 000-200 0000 IU water miscible vitamin A 
palmitate (Arovit, Hoffmann La Roche, supplied 
for named patients) as recommended by the World 
Health Organisation.’ The daily dose of vitamin A 
was then adjusted according to the serum concentra- 
tion. Dark adaptation tests were repeated at inter- 
vals and further doses of water miscible vitamin A 
given until the serum vitamin A concentration 
remained in the normal range and the dark adapta- 
tion tareshold returned to normal. 

Results were analysed by the Student’s ¢ test, the 
Mann-Whitney U test, Spearman’s rank correlation 


coefficient and the x? test where appropriate using 
Oxstat programs (Medstat). 


Results 


Thirty one of the 52 patients who were eligible for 
the study attended their first appointment. Twelve 
patients who failed to attend and who were subse- 
quently found to have serum vitamin A concentra- 
tions below the normal range attended a second 
appointment. The median age of these 43 patients 
was 16 years (range 8-44) and the median Shwach- 
man score was 60 (range 34-95).!* Nutritional and 
respiratory variables are shown in table 1. 

All patients had normal visual acuity and normal 
fundi. Eight patients had dark adaptation thresholds 
more than two standard deviations above the 
expected mean using the computer system. Two of 


Table 1 Nutritional and respiratory variables in the 
43 patients studied 








Median Range 
Weight (% expected) 85 53-126 
Height (% expected) 98 85-110 
Weight for height (% expected) 90 70-120 
Forced expiratory volume in 1 second 
(% expected) 54 16-108 
Forced vital capacity (% expected) 71 22-100 
Chrispin-Norman score 18 2-30 
Shwachman score 60 33-95 
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Fig1 The association between the dark adaptation 
threshold (expressed as the number of standard deviations 
from the expected mean for age) and the serum vitamin A 
concentrations in 43 patients with cystic fibrosis and four 
normal controls. 
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the eight had normal dark adaptation tests using the 
Friedmann field analyser and had vitamin A and 
retinol binding protein concentrations within the 
normal ranges. The other six all had serum vitamin 
A concentrations below 0-7 umol/] and low retinol 
binding protein concentrations, and four had 
abnormal Friedmann tests. Four of the six had 
experienced symptoms of night blindness but had 
not reported them. 

Fig 1 shows the rapid rise in the dark adaptation 
threshold when the serum vitamin A concentration 
fell below 0-7 umol/l. The four normal controls all 
had dark adaptation thresholds within one standard 
deviation of the expected mean. 

Two of the patients with abnormal dark adapta- 
tion, and one other patient, had conjunctival xerosis 
(as previously reported!>), so that a total of nine 
patients had clinical evidence of vitamin A deficiency. 

The median (range) serum vitamin A concentra- 
tion for the 43 patients was reduced at 1-07 pmol/l 
(0-19-2-3) compared with 2-0 umol/l (1-76-2-35) for 
the controls (adult normal range 1-08-7-0 umol/l) 
(p=0-0005). The median serum retinol binding pro- 
tein concentration was 18-7 mg/l (1-46) (adult 
normal range 30-60 mg/l) and retinol binding 
protein concentrations were significantly correlated 
with serum vitamin A concentrations (rs=0-77, 
p<0-0001). When the nine affected patients were 
compared with the other 34 patients, serum vitamin 


A and retinol binding protein concentrations were - 


significantly lower in the affected group (table 2). 

The median serum vitamin E concentration for 
the patients was 12-8 umol/l (range 4-8-50-4) (adult 
normal range 17—47 mol/l) but there was no signifi- 
cant difference between the affected group and the 
other patients (fig 2). Six of the nine affected 
patients had abnormal liver function tests, com- 
pared with 10 of the 34 unaffected patients (y7=4-75, 
p<0-05). There was no difference between the two 
groups in age, sex, Shwachman score, lung function, 


Table 2 Serum vitamin A and retinol binding protein 
concentrations in patients with and without clinical 
evidence of vitamin A deficiency. Values are expressed as 
median (range) 








Abnormal Normal p 
dark dark Value 
adaptation adaptation 
threshold threshold 
or xerosis no xerosis 
(n=9} (n=34) 

Vitamin A (umol/l) 0-52 (0-2-1-4) 1-1 (0-5-2-3) 0-002 

Retinol binding protein 

(mg) 7-5 (1-31) 26 (4-5-46). 0-016 
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Fig2 Serum vitamin E concentrations in affected and 
unaffected patients with cystic fibrosis. Bars indicate median 
for each group. 


Chrispin-Norman score, or percentage of expected 
weight for height. Three of the affected patients 
admitted that they had not taken their vitamins 
regularly in the past. 

Mortality in the affected group was significantly 
increased (y7=5-65, p<0-05). Four affected patients 
died within two years of the start of the study (one 
from liver disease and three from chest disease) 
whereas two of the 34 unaffected patients died from 
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Fig3 Improvement in the dark adaptation threshold 
‘expressed as the number of standard deviations above the 
expected mean for age) and the improvement in the serum 
vitamin A concentration after treatment in four of the 
affected patients. 
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chest. disease, one of these also having distal 
intestinal obstruction syndrome. 

Five patients with abnormal dark adaptation 
thresholds were each treated with a single oral dose 
of water miscible vitamin A. In all cases, serum 
vitamin A concentrations rose into the normal range 
within a few days, but then gradually fell over the 
next two months in spite of increased daily vitamin 
supplements. Four patients were well enough to 
perform repeat dark adaptation tests (fig 3). The 
response to treatment was variable, as illustrated by 
the following case reports. 


CASE REPORTS 

Case I 

A 15 year old boy developed jaundice and his lung 
disease deteriorated rapidly. He had gross conjunc- 
zival xerosis and abnormal dark adaptation. His 
serum vitamin A concentration was 0-2 pmol/l and 
retinol binding protein 1-0 mg/l. His liver function 
tests were abnormal: serum alkaline phosphatase 
1493 IU/| (normal range 80-280), alanine amino- 
transferase 76 IU/l (normal range 5—40), y glutamyl- 
transferase 215 IU/! (normal range 10-50), albumin 
290 g/l (normal range 300-520), bilirubin 61 pmol/l 
(normal range 5-17). He was treated with an intra- 
muscular injection of 300 000 IU oil based vitamin 
A, but after one week his serum vitamin A concen- 
tration rose to only 0-3 pmol/l and retinol binding 
protein fell below 0-1 mg/l. There was no improve- 
ment in his conjunctival xerosis. He developed liver 
failure, and died a few weeks later before the dark 
adaptation test could be repeated. A liver biopsy 
specimen taken at necropsy showed cirrhosis. 


Cases 2 and 3 

Two brothers, aged 8 and 12 years, were found to 
have conjunctival xerosis. Each had been taking 
only one multivitamin tablet (2500 IU vitamin A) 
daily. The younger brother had abnormal dark 
adaptation, his serum vitamin A concentration was 
0-5 mol/l, and retinol binding protein 9 mg/l. His 
liver enzyme activities were normal apart from 
alanine aminotransferase of 60 IU/I. He was treated 
with 25 000 IU vitamin A daily in a standard oil 
based preparation for two weeks. Although his 
serum vitamin A concentration improved and his 
dark adaptation threshold returned to normal the 
conjunctival xerosis persisted for a year. He was 
treated with 100 000 IU water miscible vitamin A 
orally on two occasions in addition to 8000 IU 
vitamin A daily. His plasma zinc concentration was 
8-2 umol/] (normal range 11-20 pmol/l) and he was 
given oral zinc sulphate 220 mg daily for one month, 
after which the xerosis improved. His older brother 


also had persistent conjunctival xerosis despite 
normal vitamin concentrations and normal dark 
adaptation. His retinol binding protein concentra- 
tion was 13 mg/l and liver function tests were 
normal. His plasma zinc concentration was 9-6 
umol/l. He was given oral zinc sulphate 220 mg in 
addition to 8000 IU vitamin A daily for one month, 
after which the xerosis resolved. 


Case 4 

A 15 year old girl, who admitted that she had not 
been taking her vitamin supplements, had grossly 
abnormal dark adaptation, a serum vitamin A 
concentration of 0-2 mol/l and retinol binding 
protein of 5 mg/l. Her liver function tests were 
abnormal: alkaline phosphatase 856 IU/L, alanine 
aminotransferase 90 IU/l, y glutamyltransferase 
161 IU/l, bilirubin 10 pmol/l, albumin 340 g/l. She 
was treated with 200 000 IU water miscible vitamin 
A and then restarted her usual vitamin supplements. 
Her night blindness rapidly resolved, and two months 
later her serum vitamin A concentration was 1-0 
umol/ and her dark adaptation test almost normal. 


Case 5 

A 16 year old girl with severe: chest disease and 
insulin dependent diabetes had grossly abnormal 
dark adaptation. Her serum vitamin A concentra- 
tion 9 months previously had been 0-47 wmol/l and 
retinol binding protein 3 mg/l, although subsequent 
concentrations were higher. Her liver function tests 
were normal apart from the serum albumin, which 
fell to 200 g/l despite overnight nasogastric feeding. 
Her plasma zinc concentration was 15 pmol/l. She 
was treated with 200 000 IU water miscible vitamin 
A orally and her daily supplement of vitamin A was 
increased to 8000 IU. Her dark adaptation, however, 
failed to improve. She was therefore given three 
further doses of water miscible vitamin A and her 
daily supplement was increased to 12 000 IU. Four 
weeks later her serum vitamin A level was 2-4 
umol/l. Her dark adaptation threshold returned to 
normal during the next three months. She died of 
respiratory failure three months later. 


Discussion 


In this study clinical evidence of vitamin A deficiency 
was found in nine out of 43 patients with cystic 
fibrosis who had been receiving routine vitamin 
supplementation and pancreatic enzymes. As the 
patients had been selected by age, and in some cases 
were already known to have low serum vitamin A 
concentrations, this is likely to be an overestimate 
of the overall incidence of vitamin A deficiency. 
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Nevertheless, night blindness and conjunctival xero- 
sis seem to be surprisingly common in adolescent 
and young adult patients. 

We have confirmed that serum vitamin A, vitamin 
E, and retinol binding protein concentrations are 
low in patients with cystic fibrosis, and that the dark 
adaptation threshold rises rapidly below a serum 
vitamin A concentration of 0-7 umol/l, as described 
by Fulton et al.'° Affected patients are more likely 
to have low retinol binding protein concentrations 
and abnormal liver function tests than unaffected 
patients. The finding of low retinol binding protein 
concentrations suggests that synthesis and release of 
retinol binding protein from the liver are deficient. 
This may explain why some patients responded 
poorly to treatment with additional vitamin A, 
because the delivery of vitamin A to the retina is 
dependent on adequate circulating levels of retinol 
binding protein. This is illustrated by cases 1 and 5. 

Vitamin E supplementation improves serum vita- 
min A concentrations, although the reason for this 
is not known.’® All our patients were prescribed 
vitamin E supplements, but their serum concentra- 
tions were low, suggesting either that the dose 
prescribed was inadequate or that compliance was 
poor. 

In patients with xerosis or night blindness who 
fail to respond to additional vitamin A supplements 
despite achieving normal serum vitamin A concen- 
trations, the possibility of zinc deficiency should 
be considered. Zinc is required for the release of 
vitamin A and retinol binding protein from liver 
stores, and acts as a coenzyme for retinol dehydro- 
genase in the retina.” In two patients in this study 
(cases 2 and 3) xerosis resolved with zinc supple- 
mentation. 

Three of the affected patients had severe lung 
disease and have since died. It is interesting to 
speculate what effect vitamin A deficiency may have 
had on the lung disease. Deficiency is known to 
cause squamous metaplasia of respiratory epithelia, 
and may predispose to infection.!ë It has been 
suggested that vitamin A supplementation in pre- 
mature babies may reduce the incidence of broncho- 
pulmonary dysplasia.'? Long term studies are 
required to establish any influence of vitamin A on 
the progression of lung disease in cystic fibrosis. 

We recommend that patients with cystic fibrosis 
are screened for vitamin A deficiency annually. 
Serum vitamin A and retinol binding protein con- 
centrations should be measured and those with 
serum vitamin A below 1 pmol/l should have a full 
ophthalmological assessment. Conjunctival impres- 
sion cytology may better reflect vitamin A deficiency 
over a period of time than a single serum vitamin A 
measurement, and we are developing this tech- 


nique for patients who are unable to perform dark 
adaptation tests.”° 

Some patients require up to 12 000 IU vitamin A 
and 200 mg vitamin E daily in order to maintain 
normal serum concentrations. Not taking vitamin 
supplements was a factor in at least three patients. 
The treatment of established vitamin A deficiency 
with a single oral dose of water miscible vitamin A 
avoids problems with compliance and seems to be 
effective in most patients. Provided that serum 
vitamin A levels are monitored, the development of 
hypervitaminosis A is unlikely. At present, a water 
miscible preparation of vitamin A is not available 
for routine prescription in the United Kingdom. 

As more patients with cystic fibrosis are reaching 
the age of 17 years and learning to drive, the 
detection and prompt treatment of night blindness 
has become especially important. 


Dr RJ Rayner and Dr JC Tyrrell were supported by the Cystic 
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Rise and fall of coeliac disease 1960-85 


D A KELLY, A D PHILLIPS, E J ELLIOTT, J A DIAS, AND J A WALKER-SMITH 
Queen Elizabeth Hospital for Children, London 


SUMMARY A total of 192 children who presented with coeliac disease to Queen Elizabeth’ 
Hospital for Children from 1960-85 were reviewed in order to investigate the frequency and the 
age of presentation. There was a clear peak in the number of children presenting from 1971-5, 
and although the numbers declined subsequently they have remained at a level similar tc 
numbers found before 1971. There was no difference in the mode of presentation but there was a 
definite increase in the age of presentation over the time period reviewed. Breast fed babies 
presented later than bottle fed babies (14 compared with 9 months) despite a similar age of gluten 
introduction. Similarly bottle fed babies and breast fed babies presented later after 1975 (10-5 
compared with 7 months, and 18 compared with 9-5 months, respectively). Before 1975 the 
median age of gluten introduction was significantly less than that after 1975 (2 compared with 4 
months) and the age of gluten introduction correlated with the age of presentation. It is 
concluded that breast feeding and the age of gluten introduction may influence the age of 
presentation of childhood coeliac disease but no clear reasons for the rise in incidence in the 
1970s have been determined. It does not appear that the disease is declining, however, in recent 


years children have tended to present later in life. 


Recent studies in the United Kingdom have sug- 
gested a decline in the numbers of children present- 
ing with coeliac disease since 1972.1" This decrease 
in numbers may be due to stricter diagnostic criteria, 
to differences in infant feeding practices, or to other 
environmental factors such as a decrease in the 
incidence of acute gastroenteritis in infancy.’ 

In 1974 the Department of Health and Social 
Security (DHSS) encouraged breast feeding and the 
later introduction of gluten into the diet in infancy.° 
In order to establish whether these recommenda- 
tions were associated with any change in feeding 
patterns and to investigate the frequency and 
presentation of childhood coeliac disease all 
children diagnosed with coeliac disease who pre- 
sented to Queen Elizabeth Hospital for Children 
from 1960-85 were reviewed. 


Patients and methods 


A retrospective study was performed of all children 
with coeliac disease who were diagnosed between 
1960 and 1985 at Queen Elizabeth Hospital for 
Children. Children were included if they fulfilled (1) 
the diagnostic criteria proposed by the European 
Society for Paediatric Gastroenterology and Nutri- 


tion (ESPGAN)® or (2) part of the ESPGAN 
criteria. These children included (a) those who were 
already on a gluten free diet but who were only 
included if they had a subsequent positive gluten 
challenge (that is, a histological relapse on gluten 
with or without clinical symptoms) or, (b) those wha 
were over 2 years with an abnormal proximal small 
intestinal biopsy specimen consistent with coeliac 
disease who responded clinically to a gluten free diet 
but who were awaiting confirmation of the diagnosis 
by gluten challenge. 

A computerised data base was compiled for each 
patient detailing age and mode of presentation, 
dietary history, ethnic origins, and laboratory find- 
ings. Breast feeding was defined as any infant who 
was breast fed regardless of how short a time this 
was and this was not necessarily exclusive. For 
purposes of analysis, where the information was 
available, it was divided into those fed for one 
month or less, for one to six months, and for greater 
than six months. Children who were bottle fed had 
never been breast fed. 


Results 


A total of 218 children were provisionally diagnosed 
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as having coeliac disease from 1960-85. Twenty six 
were subsequently shown to have transient gluten 
intolerance and were not included in the study. Of 
the remaining 192, 81 fulfilled ESPGAN criteria, 37 
had a positive gluten challenge, and 74 had a single 
abnormal biopsy specimen. One hundred and 
seventeen (90%) of 130 children were white (15% of 
whom were of Irish origin), four (3%) were Asian, 
and the remaining nine (7%) were of mixed races. 
Data was not available on the other 62 children. 
Most children presented in a classical manner with 
diarrhoea, failure to thrive. abdominal distension, 
-and buttock wasting; 18 (17%) presented with 
anaemia (table 1). There was no noticeable difference 
in the mode of presentation with time. Seven 
children presented with delayed bone age and one 
child with rickets. 


FEEQUENCY OF DIAGNOSIS 

Examination of the numbers of children diagnosed 
at this hospital each year showed a small peak of 
cases in the early 1960s (fig 1). This represented 
confirmation of clinical diagnosis by small intestinal 
biopsy, which was introduced at that time. In the 
early 1970s there was a larger peak that diminished 
after 1975, although numbers remained at a similar 
level to those found before the 1970s. The observed 
peak (1972-5) was significantly different from the 
expected frequency of diagnosis at that time period 
and from the observed frequencies for the other 
years (x? test p<0-001). Consideration of these 
patients by year of birth showed a similar peak in the 
early 1970s (fig 2) with numbers reducing subse- 
quently to a pre-1971 level. In 1985, no child under 2 
years was diagnosed as having coeliac disease. 





Table 1 Clinical features of childhood coeliac disease at 
Queen Elizabeth Hospital 1960-85 
No (%) of 
children 
Presenting symptoms (n=192): 
Diarrhoea 125 (65) 
Failure to thrive 98 (51) 
Weight <3rd centile 61 (32) 
Height <3rd centile 28 (14) 
Vomiting 69 (36) 
Anorexia 62 (32) 
Presenting signs (n= 192): 
Abdominal distension 103 (54) 
Wasting 72 (37) 
Anzemia* (n=108): 18 (17) 


*Haemoglobin concentration <90 g/l. 
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Fig 1 Year of diagnosis of 192 children with i 
coeliac disease at Queen Elizabeth Hospital 1960-85. 
(From Diseases of the Small Intestine in Childhood. 
Third edition, 1988. By J A Walker-Smith. 
Reproduced with permission of Butterworth 
Scientific Ltd.) 
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Fig 2 Year of birth of 192 children with coeliac 
disease at Queen Elizabeth Hospital 1960-85. (From 
Diseases of the Small Intestine in Childhood. Third 
edition, 1988. By J A Walker-Smith. Reproduced with 
permission of Butterworth Scientific Ltd.) 


Examination of the mean age of presentation per 
year of diagnosis showed variation from year to year 
(fig 3). The overall mean age of presentation was 24 
months. In comparison, using the x? test, the mean 
age in the first seven years (1965-71) was signifi- 
cantly lower (mean=10 months, p=<0-01) and the 
mean age in the last seven years (1979-85) was 
higher (mean=38 months, p<0-05). The mean age 
in the middle seven years (1972-78) was not different 
to the overall mean (mean=23 months, p>0-05). 
Thus there was a significant increase in the age of 
presentation over the 21 years under study. 


AGE OF GLUTEN INTRODUCTION 
Although there was a clear trend towards a later 
introduction of gluten over the period under study, 


and this correlated with later age of presentation 
(Spearman’s correlation coefficient r,=0-74, 
p<0-001), there was no significant difference when 
comparing the overall mean (3-5 months) with the 
-mean in the first seven years (1965-71, mean=2-4 
months) or the last seven years (1979-85, 
mean=5-1 months) by x? test (fig 3). It is apparent 
that the trend towards a later introduction of gluten 
inte the diet began before the DHSS recommen- 
dation. 


BREAST AND BOTTLE FEEDING (TABLE 2) 

Overall 46% (55/120) of patients were breast fed. 
Their median age of presentation was 14 months 
(range 1-180 months). Bottle fed patients presented 
at the earlier age of 9 months (range 1-84 months, 
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Fig 3 Age of presentation and age of gluten introduction 
per year of diagnosis. 
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p=0-01, Mann-Whitney U test). There was no 
difference in the age of gluten introduction between 
the two groups. It was apparent that the median age 
of presentation increased with length of breast 
feeding (<1 compared with 1-6 months: p=0-05; 
1-6 compared with >6 months: p=0-05), although 
there was no difference in the age of gluten 
introduction. 

Dividing the patients into breast and bottle fed 
groups before and after 1975 (the date of the DHSS 
recommendation to delay gluten introduction) 
showed, in both groups, an increase in the median 
age of presentation (breast fed p=0-004, bottle fed 
p=0-006) and in the time of gluten introduction 
after 1974 (p=0-02) (Mann-Whitney U test). 


ASSOCIATION OF COELIAC DISEASE TO ACUTE 
GASTROENTERITIS 

Admissions of children with acute gastroenteritis 
from 1960-85 increased slightly up to 1973, they 
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Fig 4 Number of children admitted to Queen Elizabeth 
Hospital with acute gastroenteritis 1960-85, 


Table 2 Breast and bottle feeding: age of presentation and introduction of gluten 








No of children 





Median age of gluten Median age of presentation 





introduction (range) (range) 

Overall: 

Breast fed 55 4-0 (0-1-24-0) 14 (1-180) 

Bottle fed 65 3-0 (0-1-7-0) 9 (1-84) 
Before 1975: 

Breast fed 24 2:0 (0-1-6-0) 9-5 (1-164) 

Bottle fed 39 2-0 (0-1-6-0) 7-0 (1-72) 
After (and including) 1975: 

Breast fed 31 4-0 (10-0-24-0) 18-0 (3-180) 

Bottle fed 26 4-0 (1-0-7-0) 10-5 (2-84) 
Length of breast feeding (months): 

<l 24 3-0 (0-0-5-0) 11-5 (1-0-6-0) 

1-6 18 4-0 (1-2-6-0) 16-5 (40-164) 

>6 8 4-0 (4-24) 41-0 (16-136) 
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remained constant to 1983, and declined sub- 
sequently (fig 4). 


Discussion 


The numbers of children diagnosed with coeliac 
disease at Queen Elizabeth Hospital for Children 
increased slowly up to the early 1970s, peaked 
between 1971 and 1975, and gradually declined to 
levels found before 1971. The observed frequency of 
diagnosis would not have been found if the inci- 
dence of coeliac disease had been constant from 
year to year, implying that a significant change in 
incidence occurred from 1971-5. 

Although this is not an epidemiological study, it 
does represent the referral pattern of.an east 
London hospital with a catchment mainly from east 
London, Essex, and west Kent. Over the time 
period of the study there has been a specialist 
interest in coeliac disease throughout and small 
inzestinal biopsies have been performed since 1958. 
Other recent studies that have commented on the 
decline of childhood coeliac disease’? did not 
discuss the rise in the early 1970s that has been 
noted in both children and adults’; this is perhaps 
because, unlike the studies at our hospital, there was 
insufficient data collected before 1970. Evaluation 
of the two peaks of presentation in this study suggest 
that the minor peak (1960-3} represented histologi- 
cal confirmation of earlier clinical diagnoses; the 
mejor peak (1971-4), however, may possibly have 
been due to increased referral or due to a change in 
the pattern of infant feeding. 

In this study both bottle feeding and early gluten 
introduction were associated with an earlier pre- 
sentation as previously suggested,*"!° and may have 
been associated with the documented rise. On the 
otker hand breast fed babies presented later (table 
2), and this data supports other studies, which have 
described a delaying effect of breast feeding on the 
age of presentation of coeliac disease.'°'? It is 
possible that this may have been associated with 
better infant hygiene and a decline in infantile 


gastroenteritis. The data do not support this, 
however, as the numbers of children admitted with 
acute gastroenteritis over the 25 year period 
gradually increased up to 1983. The subsequent 
decline is probably related to better community 
education and the care of children as outpatients. 

In conclusion, the numbers of children diagnosed 
with coeliac disease rose in the early 1970s, although 
the reasons for this have not been established by this 
study. The subsequent decrease in numbers may be 
associated with differences in infant feeding in 
infancy which may cause increasingly later presenta- 
tion rather than an overall decline in disease 
incidence. 
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Diarrhoea in jaundiced neonates treated with 
phototherapy: role of intestinal secretion 


M DE CURTIS, S GUANDALINI, A FASANO, F SAITTA, AND F CICCIMARRA 
Department of Paediatrics, Second School of Medicine, University of Naples, Italy 


SUMMARY Thirty jaundiced neonates with diarrhoea who were being treated with phototherapy 
and 30 matched control infants were studied to try and find out the cause of the diarrhoea. Faecal 
osmolality and electrolyte concentrations were measured, which gave clear evidence that the 
diarrhoea arose from intestinal secretion. Rectal water and electrolyte absorption in 10 jaundiced 
infants receiving phototherapy, in 10 jaundiced infants not receiving phototherapy, and in 10 
healthy controls was measured with a rectal dialysis bag. A further group of eight jaundiced 
infants was also studied both during and after phototherapy to document the reversal of ion 
transport changes. Absorption of water, sodium chloride, and potassium was significantly 
impaired in the patients receiving phototherapy compared with each of the control groups. Such 
impairment was transient, as it was not apparent when the jaundice faded and phototherapy was 
stopped. These data show that the colon plays a part in the pathogenesis of secretory diarrhoea 
and that both hyperbilirubinaemia and phototherapy are necessary for such an effect to develop. 


Since Cremer introduced phototherapy for the 
treatment of neonatal jaundice, the presence of 
watery and greenish stools has often been reported 
in neonates receiving phototherapy.! The 
pathogenesis of this complication is unclear. In 
1977, Bakken reported a temporary lactase defic- 
iency in six jaundiced infants treated in this way, 
which he attributed to the mucosal injury’; this 
finding was not confirmed, later on, by Ebbesen 
nor, more recently, by Bujanover et al.>° 

On the basis of the results of measurement of 
stool electrolytes and osmolality in 10 jaundiced 
babies receiving phototherapy, we suggested that 
the diarrhoea might be secretory.® In the present 
report we extend those preliminary observations 
and present evidence of secretory changes induced 
by phototherapy in the distal colon of babies—that 
is, the only segment of the gastrointestinal tract that 
we consider it ethical to investigate in newborn 
infants. 


Patients and! methods 


We measured faecal osmolality and electrolyte 
concentrations in 30 newborn infants with uncompli- 
cated hyperbilirubinaemia (mean (SEM) serum 
bilirabin 265 (3-4) umol/l) who had diarrhoea when 
exposed to blue light at 650-700 uW/cm? and in 30 


healthy newborn infants who had neither jaundice 
nor diarrhoea. 

There were no significant differences in mean 
(SEM) birth weight (3462 (88) and 3526 (109) g), 
gestational age (39-3 (0-3) and 39-4 (0-3) weeks), 
postnatal age at beginning of the study (76 (2) and 
64 (2) hours) between the two groups. All infants 
were breast fed, and feeding regimens were the 
same in both groups. Hyperbilirubinaemic infants 
had a mean bilirubin concentration at the time of the 
study of 274 (17) mol/l and received phototherapy 
for 16 (2) hours. 

In a separate series of experiments we studied the 
absorption of electrolytes in the rectum by a 
modification of the non-equilibrium dialysis method 
of Edmonds and Godfrey’ 8 in 10 jaundiced infants 
with diarrhoea receiving phototherapy, 10 jaundiced 
infants not receiving phototherapy, and 10 healthy 
controls. The groups were well matched for birth 
weight, gestational age, and age at the beginning of 
the study (table 1). Mean (SEM) serum bilirubin 
concentration at the study was 257 (5) umol/! in the 
group treated with phototherapy and 238 (3) umol/I 
in the group not so treated; it was 94 (7) umol/I in 
the group that was not jaundiced. Phototherapy was 
given for 18 (3) hours. 

In addition, to obtain direct evidence that electro- 
lyte transport changes were associated with photo- 
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Table 1 Details of infants studied. Values are expressed as mean (SEM) 





Birth weight 


Gestational age Age at beginning 





(g) (weeks) of study (hours) 
Jeundiced infants receiving phototherapy (n=10) 3402 (95) 38-9 (0-2) 88 (3) 
Jeundiced infants not receiving phototherapy {n=10) 3368 (146) 39-6 (0-3) 86 (3) 
Irfants not jaundiced (n=10) 3547 (67) 39-2 (0-4) 83 (3) 





therapy, we investigated eight breast fed newborn 
infants both during phototherapy and after they had 
completed it. They had a mean (SEM) birth weight 
of 3360 (158) g and gestational age of 39-0 (0-6) 
weeks. They were investigated with the dialysis 
technique at 85 (5) hours of life while receiving 
phototherapy, and their mean serum bilirubin con- 
centration was 274 (7) pmol/l. They were then re- 
examined when they were 129 (5) hours old after 
phototherapy had been discontinued, and the con- 
centration had dropped to 178 (9) pmol/l. 

The experimental technique consisted of insertion 
into the rectum of a weighed dialysis bag (5-3 cm*) 
made from visking tube and mounted on a 6F gauge 
nasogastric tube. The bag was filled with an isotonic 
electrolyte solution containing sodium 140 mmol/l, 
potassium 20 mmol/l, chloride 130 mmol/l, and 
bicarbonate 30 mmol/l. After being positioned the 
bag was left in situ for 30 minutes and then removed 
end reweighed. The sodium and potassium concen- 
trations were measured by flame photometry and 
chloride by a chloridometer. The observed changes 


Table 2 Stool osmolality and electrolyte concentrations. 
Values are expressed as mean (SEM) 











Jaundiced Healthy p 
infants infants Value 
receiving (n=30) 
phototherapy 
(n=30} 
Stool osmolality (mOsm/I) 269 (10) 284 (13) >01 
Sodium (mmol/l) 63 (4) 38 (6) <0-001 
Potassium (mmol/l) 52 (3) 31 (5) <0-001 
Anion gap (mmol/l) 37 (4) 144 (17)  <0-001 








in weight and in electrolyte content were finally 
calculated and assumed to represent net fluxes 
(either absorptive or secretory) of water and electro- 
lytes, respectively. 

Values are expressed as mean (SEM). The signifi- 
cance of the differences was calculated by Student’s 
t test for either paired or unpaired variables, as 
appropriate. Informed consent was obtained from 
all the parents. 


Results 


Table 2 shows the mean (SEM) values of stool 
osmolality and electrolytes in the 30 jaundiced 
infants with diarrhoea who were receiving photo- 
therapy, and in the 30 healthy controls. The data on 
electrolyte concentration and the anion gap are 
consistent with a secretory pattern for the diarrhoea. 
Table 3 shows the net absorption of water and 
electrolytes in the 10 jaundiced infants with di- 
arrhoea who were receiving phototherapy, in the 10 
jaundiced infants not receiving phototherapy, and in 
the 10 healthy control infants. A clear inhibition of 
absorption of water and electrolytes was seen in 
jaundiced infants receiving phototherapy. Such in- 
hibition is highly significant in comparison with each 
of the two control groups (the jaundiced infants not 
receiving phototherapy and the healthy infants). 
Table 4 shows the net absorption of water and 
electrolytes in the eight infants who were studied 
during and after phototherapy. It is evident that the 
inhibition of water and electrolyte absorption found 
during phototherapy completely disappeared after it 
had been stopped, and the jaundice had regressed. 


Table 3 Rectal net absorption of water and electrolytes. Values are expressed as mean (SEM) 











Jaundiced infants p Jaundiced neonates P Neonates 
receiving Value not receiving Value not jaundiced 
phototherapy phototherapy (n=10) 
(n=10) (n=10) 
Water (ul/min/cm?) 2-1 (0-04)* <0-01 3-6 (0-006) >0-05 3-3 (0-09) 
Sodium (umol/min/cm?) 286 (8)* <0-01 357 (8) >0-05 331 (10) 
Chloride (umol/min/cm”) 291 (11)* <0-01 500 (11) <0-01 358 (13) 
Potassium (umol/min/cm?) 3 (3)* <0-01 69 (2) >0-05 58 (6) 








*p<0-01 when compared with neonates not jaundiced. 
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Table 4 Net absorption of water and electrolytes during and after phototherapy. Values are expressed as mean (SEM) 























Water Sodium Chloride Potassium 
(ullminicm?) (umollminicm?) (umollminicm’) (umollminicm’) 
During phototherapy 2-6 (0-1) 248 (8) 266 (8) 6 (1) 
After phototherapy 3-6 (0-2) 308 (9) 329 (11) 13 (3) 
p Value <0-001 <0-01 <0-01 =0-016 
Discussion Although we did not actually observe secretion, 


The aim of our work was twofold: to extend and 
confirm our preliminary report that had suggested 
the secretory nature of the diarrhoea found in 
jaundiced infants receiving phototherapy,° and to 
verify whether secretory changes could be found in 
an intestinal segment as supporting evidence for 
such a mechanism. 

The data reported here in 60 more infants both 
confirm our earlier observations on the changes in 
stool electrolytes and osmolality in jaundiced neon- 
ates receiving phototherapy, and set reference 
values for such measurements in breast fed neonates 
born at full term. The observation of normal 
osmolality and of a small anion gap in the faeces of 
the study group permits the ruling out of the 
presence of osmotically active substances, and thus 
according to Krejis and Fordtran,° the pathogenetic 
mechanism of the diarrhoea can be traced to 
intestinal secretion. In this respect the rather large 
value for the anion gap found in the stools of normal 
babies needs to be commented upon. 

Osmotically active solutes in the faeces of breast 
fed infants are likely to be represented by digestive 
break down products that are not absorbed. In such 
neonates, particularly during the first week of life, 
substantial amounts of reducing substances are lost 
in the stools. It has also been shown that oligosac- 
charides, which appear in comparatively high con- 
centrations in human colostrum and milk (24 and 12 
g/l, respectively) are poorly absorbed.!° 1 

We chose to evaluate water and electrolyte 
transport in the rectum with the dialysis method, as 
no other method was, in our view, sufficiently 
non-invasive to be used in healthy infants. The 
results we obtained show a pronounced impairment 
of absorptive rates of water and ions in jaundiced 
infants receiving phototherapy, compared with both 
jaundiced infants not so treated and the healthy 
control infants. Furthermore, the reversal of such 
alterations observed in the same babies after the 
jaundice had faded and the phototherapy been 
stopped provides compelling evidence that the anti- 
absorptive changes are indeed related to jaundice 
and phototherapy. 


diarrhoea may arise from simple impairment of 
absorption, which may be sufficient in itself to 
reverse the overall net water balance.’ Furthermore, 
it is possible that the shift towards secretion that we 
found in the rectum is also present and in greater 
magnitude in more proximal segments, including the 
small bowel, which we did not investigate. 

As the antiabsorptive effect was seen only in the 
jaundiced infants receiving phototherapy, and the 
effect disappeared after regression of the jaundice 
and stopping the phototherapy, it must be caused by 
the simultaneous action of hyperbilirubinaemia and 
phototherapy. These data confirm those of Rubal- 
telli and Largajalli in 1973 who showed a reduced 
transit time (which can well be attributed to the 
increase in the fluidity of intestinal contents) only in 
jaundiced infants receiving phototherapy and not in 
those who were not jaundiced and receiving photo- 
therapy or healthy infants receiving no treatment.!? 

Finally, the present data show that jaundiced 
infants receiving phototherapy develop diarrhoea 
because of an induced secretory change in net 
intestinal ion transport. What then are:the mechan- 
isms responsible for it? We have shown that the bile 
from jaundiced, photoirradiated Gunn rats has an 
antiabsorptive effect in the rat jejunum in vivo." 
Among the substances that are present in such bile is 
unconjugated bilirubin in large amounts, and we! 
and others’* have shown that unconjugated bilirubin 
is an intestinal secretagogue. Thus although we did 
not investigate the potential role of other compounds 
found in bile (such as bile acids or other photo 
products of bilirubin) we can assume that unconju- 
gated bilirubin is, at least in part, responsible for the 
observed effect on ion and water transport. 
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SUMMARY In order to study the clinical, serological, and morphological evolution of chronic 
hepatitis B virus infection in childhood, a prospective study has been carried out. A total of 90 
children with a chronic infection were followed up for a mean (SD) of 3 (1-8) years. At the 
beginning of the study, 61 children were asymptomatic and 77 were household contacts of chronic 
carriers. Serologically 77 were hepatitis B e antigen (HBeAg) positive and 71 of them were 
positive to hepatitis B virus DNA. The mean alanine aminotransferase activities were higher 
among HBeAg positive patients than in antihepatitis B e (anti-HBe) positive ones. The most 
severe histological damage was also found among HBeAg positive patients. The annual 
seroconversion rate was 14%. A significant increase in the alanine aminotransferase activity was 
observed 13 (5-6) months before appearance oi anti-HBe in the 85% of cases. Among anti-HBe 
positive patients, the alanine aminotransferase activities were normal in all except three (19%), 
two of whom had intrahepatic delta antigen. An increase in the histological activity was observed 
among patients who maintained HBeAg presence while an amelioration of liver damage was 


observed in anti-HBe carriers. 


Chronic hepatitis B virus infection has two distin- 
guishable phases. During the first phase there are 
circulating Dane particles, hepatitis B e antigen 
(HBeAg) and hepatitis B virus DNA (HBV-DNA). 
Usually there is biochemical or pathological 
evidence of disease activity, or both. Later, either 
spentaneously or with antiviral treatment, those 
particles disappear from the circulation, HBeAg and 
HBV-DNA become undetectable, and antihepatitis 
B e (anti-HBe) develops.! 

` Several reports on the natural history of chronic 
hepatitis B infection in children have been published 
with differing results.>* Cirrhosis has been reported 
in 3%’ to 25%.* > Because of these varying findings 
we have carried out a prospective study in children 
with chronic hepatitis B virus infection. 


Patients and methods 


Our study comprised 134 children who were positive 
carriers for hepatitis B and who attended our 
hospital from 1979 to 1986; 44 were not available for 
long term follow up. We studied the remaining 90 
children: all were hepatitis B surface antigen 
(HBsAg) and antihepatitis B c (anti-HBc) positive 


with raised alanine aminotransferase activities for at 
least six months and were available for long term 
follow up. Other causes of liver disease were ruled 
out (a, antitrypsin deficiency, Wilson’s disease, 
autoimmune chronic hepatitis, etc). The clinical, 
serological, and biochemical features are sum- 
marised in table 1. The children ranged from 6 
months to 14 years of age (mean (SD) 6 (3) years). 
There were 55 boys and 35 girls. A clinical and 
serological follow up (every four months) was 
performed during a mean of three years (range six 
months to seven years). At the beginning of the 
study, 29 (32%) children had one or more of the 
following clinical symptoms of liver disease: 
asthenia (n=14, 15%), anorexia (n=11, 12%), 
cholestasis (n=10, 11%), abdominal pain (n=9, 
10%), vomiting (n=7, 8%), and fever (n=5, 6%); 
the other 61 children were symptomless. Details of 
results of investigations for serology of HBeAg and 
anti-HBe, . activity of alanine aminotransferase, 
and liver histology are shown in table 2. Of the 
symptomatic patients, 24 (83%) had hepatomegaly 
and three (10%) splenomegaly compared with four 
(6%) and none, respectively in the asymptomatic 
ones. In 77 children the infection was acquired by 
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Table 1 Baseline clinical and serological features of children studied (n=90) 





Serological markers 








HbeAgt+ HbeAgt+ HbeAgt+ Anti-HBe+ Anti-HBe+ 
HBV-DNA+ HBV-DNA+ HBV-DNA- Anti-HD+ 
HBV-DNAp+  HBV-DNAp—- HBV-DNAp-— 
No (%) of children 67 (74) 4 (4) 6 (7) 11 (12) 2 (2) 
Male/female 44/23 2/2 2/4 6/5 1/1 
Mean (SD) age (years) 6-0 (3-0) 6-1 (6-0) 6-2 (1-7) 6-4 (3-3) 4-7 (0-4) 
Mean (SD) alanine 
aminotransferase (IU/1) 232 (289) 293 (218) 147 (148) 37 (14) 87 (40) 
No (%) with symptoms 17 (25) 2 (50) 1 (17) 7 (64) 2 (100) 
No (%) with hepatomegaly 21 (31) 1 (25) 1 (47) 3 (27) 2 (100) 





HBV-DNAp=hepatitis B virus DNA polymerase. 


Table 2 Basal features of symptomatic and 
asymptomatic patients 





Asymptomatic Symptomatic 
patients patients 
(n=61)} (n=29) 
No (%) HBeAg positive 57 (93) 20 (69) 
No (%) anti-HBe positive. 4(7) 9 (31) 
Mean (SD) alanine 
aminotransferase (IU/1) 210 (273) 183 (254) 
No (%) with diagnosis < 
from histology of: _ 
Chronic active hepatitis 39 (79) 17 (59) 
Chronic persistent 
hepatitis 8 (16) 9 (31) 
Cirrhosis 1 (2) 2 (7) 
Minimal changes 1 (2) 1 (3) 





household contact. Two children had a previous 
transfusion, and in 11 children the cause of the 
infection was unknown. 
Serology for the presence of markers for hepatitis 
B virus, anti-HIV, antihepatitis delta (anti-HD), 
and liver function tests were performed every four 
months using standard methods (Abbott commercial 
assays and SMAC Technicon). HBV-DNA was 
tested by dot-blot hybridisation, using a HBV-DNA 
probe isolated from the PpBH20-HBV plasmid. The 
specific activity of the ~“~P-HBV-—DNA after nick- 
translation was 7X10’-3x10°® cpm/ug DNA. This 
technique detected less than 0-5 pg of HBV-DNA. 
At the beginning of the study a liver biopsy was 
2tformed under genera! anaesthesia in 78 of the 90 
children using a Tru-Cut needle. A second liver 
biopsy was performed during a mean follow up of 
three years (range from eight months to seven years) 
in 27 children. The presence of liver HDAg among 
aati-HD positive patients was detected by immuno- 
peroxidase staining using a conjugated anti-HD 
antibody (anti-HD titre: 1/1000). Liver HBsAg and 


hepatitis B core antigen (HBcAg) were also tested 
by immunoperoxidase technique (Dakopatts a/s). 


Results 


In relation to the ʻe’ system, 77 children were 
HBeAg positive and 13 had anti-HBe. A total of 71 
of the HBeAg positive children had circulating 
HBV-DNA. HBeAg positive patients had a signi- 
ficantly higher mean (SD) initial alanine amino- 
transferase activity than those with anti-HBe (232 
(289) compared with 37 (14) TUA). During follow up 
24 became negative for HBeAg and HBV-DNA 
and 21 developed anti-HBe. The time from the 
beginning of the study until the seroconversion to 
anti-HBe varied from six months to five (2-3 (1-4)) 
years. The annual seroconversion rate was 14%. 
None of the anti-HBe children had HBV-DNA, 
although two were anti-HD positive. 

At the end of the study all the children were 
clinically asymptomatic. With respect to the physical 
signs the frequency of hepatomegaly increased in 
the children who remained with HBeAg (basal 13 
(24%) compared with final 31 (58%)), while a 
decrease was observed in children who seroconverted 
to anti-HBe (basal 10 (47%) compared with final 
three (14%)). No changes were observed in the anti- 
HBe children (basal five (38%) compared with final 
two (15%)). 

Among the 21 children who seroconverted to anti- 
HBe, an increase of at least three times the basal 
alanine aminotransferase value (18 (12) times the 
normal value) before seroconversion was observed 
in 18 cases (85%). The time between the alanine 
aminotransferase peak and the appearance of anti- 
HBe was 13 (5-6) months (range: 6-28 months). 
These alanine aminotransferase peaks were similar 
to those found in acute hepatitis, although the 
children did not suffer any symptom or clinical 
complication. All the children who seroconverted to 
anti-HBe had normal alanine aminotransferase by 
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4-3 (5-8) months (range: 0-17 months) and remained 
so during the follow up (two years). Eight children 
who were anti-HBe positive initially had normal 
alanine aminotransferase activities. Two children 
returned to normal in 12 months but three remained 
abnormal in follow up periods of 38 to 72 months. 
Two of the latter had anti-HD in serum and HDAg 
in the liver biopsy specimen. 

A basal liver biopsy was performed on 68 of the 71 


children with viral replication markers (HBeAg, . 


HBV-DNA). Although most of the children (n=54) 
had a chronic active hepatitis, 11 had a chronic 
persistent hepatitis, two had liver active cirrhosis, 
and one had minimal changes. After the beginning 
of the study, a second liver biopsy was obtained in 
24 children. Of the 17 who remained positive to 
HBeAg, the histological picture was the same in 
nine cases. The other eight children showed a 
worsening of the histological lesion (table 3). All 17 


Table 3 Histological evolution of chronic hepatitis B 
in children 





Liver biopsy 








Basal Final 
No (%) children who 
remained HBeAg 
positive during 
the study (n=17):* 
Chronic active 
hepatitis 10 (59) 11 (65) 
(9 mild, (7 mild, 


1 moderate) 4 moderate) 

Chronic persistent 
hepatitis 

Active cirrhosis 


6 (35) 
1 (6) 


3 (18) 
3 (18) 


No (%) children who 
seroconverted from 
HBeAg to 
anti-HBe (n=7):t 

Chronic active 
hepatitis 

Chronic peristent 
hepatitis 

Minimal changes — 


No (%) children who 
remained anti-Hbe 
positive (n=3):4 

Chronic active 
hepatitis 2 (67) (HDAg+) 2 (67) (HDAg+) 

(1 mild, (2 moderate) 
1 moderate) 

Chronic persistent 
hepatitis 1 (33) 


Minimal changes — 1 (33) 





children remained positive to liver HBsAg and 
HBcAg, most of them (15/17) showed a diffuse 
pattern of HBcAg. 

A second liver biopsy was also performed on 
seven children who seroconverted to anti-HBe 
during the three and five year periods (mean 3-8 
(0-8) years). Five cases showed an improvement in 
the histology and in two cases the same liver lesion 
was observed. The basal liver biopsy specimen in 
these seven children was positive to HBsAg and 
HBcAg. In the second biopsy specimen, however, 
HBcAg was negative in all these cases and HBsAg 
remained positive. All but one had a predominantly 
focal pattern of HBcAg in the liver cell. The study of 
the HBsAg and HBcAg expression in the rest of the 
patients who had a liver biopsy was not available. 

The basal histology of the 10 anti-HBe positive 
patients was two with chronic active hepatitis, six 
with chronic persistent hepatitis, one with inactive 
cirrhosis, and one with minimal changes. The liver 
histology from the second biopsy specimen obtained 
in the three anti-HBe children who remained with 
an abnormal alanine aminotransferase activity, 
resulted in the same histological findings in two 
cases (HDAg positive). In the HDAg negative 
pataent, an amelioration of the histological lesion 
was observed. 


Discussion 


In our experience children with hepatitis B virus 
replication markers suffered a more active liver 
disease biochemically and histologically than those 
without replication. These results are in accordance 
with previous reports.” 8 Although at the end of the 
study all the children were asymptomatic, in those 
who seroconverted to anti-HBe a decrease in the 
frequency of hepatomegaly was observed, with an 
important histological improvement. In contrast, 
children who remained HBeAg positive had an 
increase in the frequency of hepatomegaly and a 
progression of the histological lesion (in some cases 
to liver active cirrhosis). This result is lower than 
those reported by other authors,** and different 
from that of Bortolotti et al who did not find 
progression to cirrhosis.? 7 A possible explanation 
could be the technical differences in the per- 
formance of the liver biopsies. Dupuy et al obtained 
the biopsy specimens under laparoscope control,* 
which could increase the probability of a diagnosis 
of cirrhosis. We used a blind biopsy technique with 
a Tru-Cut rather than a Menghini needle, as was 
used by Bortolotti et al.” Therefore, laparoscope 
and the longer cylinder obtained with our needle 


Mean (SD) time between basal and final liver biopsies: *2-7 (1-5) Will most likely account for the differences. 


years; {3-8 (0-8) years; and 44-1 (0-6) years. 


Additionally, our data differ from that of Lai et 
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al.° Our children with hepatitis B virus replication 
markers had an abnormal alanine aminotransferase 
activity, while most‘of their Chinese children had 
normal activities. This variation could be explained 
by racial and epidemiological differences. Chinese 
children acquired the infection at birth, while ours 
did not. The interferon concentrations in lympho- 
cytes of Chinese people are normal but are abnor- 
mal in white races.” 

All the children from our study who serocon- 
verted remained HBsAg positive; this is in accord- 
ance with previous studies.° ê Thus the risk of the 


development of hepatoma probably persists in these - 


children." Further studies are required to indicate 
if HBV-DNA remains in an integrated form after 
seroconversion. 

The children with persistent viral replication had a 
diffuse pattern of HBcAg in the liver. In contrast, 
these children who seroconverted to anti-HBe 
showed a focal pattern. These results agree with 
thase of Bortolotti et al, and so testing for HBcAg 
in the liver could be useful as a prognosis indicator. 

During seroconversion, an increase in alanine 
aminotransferase activity similar to that in acute 
hepatitis was observed in most of the children. In 
our experience, however, only 50% of the adults 
who seroconverted had a previous alanine amino- 
transferase increase.” Although we are unsure as to 
the reason for this difference between adults and 
children from the same population, a possible 
explanation is the difference in their immune 
systems. In support of this theory, we observed an 
important regression of liver disease in adults during 
seroconversion while none was detected in the 
children.!* This variation could be due to the fact 
that liver cirrhosis is less common in children, or 
also that they regenerate the liver cells more quickly 
than adults. 

With the exception of two patients with delta 
superinfection, all the children with anti-HBe and 
abnormal alanine aminotransferase activity at the 
beginning of the study had normal alanine amino- 
transferdse at the end of the follow up period. 
Therefore, the anti-HBe status in children corre- 
lated with a normal alanine aminotransferase 
activity and good prognosis in the absence of the 
delta virus. During the follow up reactivation of 
viral replication in the anti-HBe children did not 
take place as all the children remained HBV-DNA 
negative in contrast with that reported in adults.’° 
A similar lack of HBV-DNA among anti-HBe 
children has been reported.” ° This suggests that 
clearance of all HBV-DNA replicative forms in 
hepatocytes occurred in these children. In adults, 
however, HBV-DNA supercoiled could remain in 
hepatocytes due to the lack of elimination and 


consequently reactivation takes place in about 40% 
of anti-HBe cases (unpublished data). 

This study confirms the high frequency of 
advanced liver disease in association with chronic 
hepatitis B virus infection and a persistently raised 
serum transaminase activity for a period of more 
than six months. Such patients should be considered 
for treatment with antiviral agents both to limit pro- 
gression of liver disease and to reduce the risks of 
HBV-DNA integration and the subsequent 
development of hepatoma.!* '7 In such a case, if the 
treatment is efficient, the prognosis of the disease 
will be more favourable.'® 
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Precocious puberty in girls: early diagnosis of a slowly 
progressing variant 


M FONTOURA, R BRAUNER, C PREVOT, AND R RAPPAPORT 
Paediatric Endocrinology Unit and INSERM U30, Hôpital des Enfants Malades, Paris, France 


SUMMARY An attempt was made to identify the less severe cases of precocious puberty and to 
describe their natural course. A group of 17 girls with precocious puberty and a bone age advance 
over chronological age of less than two years (group 1) was compared with a group of 19 patients 
with severe precocious puberty and bone age advance of two years or more (group 2). Mean 
(SEM) plasma oestradiol concentrations were 82 (30) pmol/l and 164 (21) pmol/l (p<0-05), 
vaginal maturation indexes were 16 (5) and 41 (4), and plasma somatomedin C concentrations 
were. 1-0 (0-2) U/ml (n=8) and 2-1 (0-3) U/ml (n=16) in groups 1 and 2, respectively. The time 
between onset and diagnosis of secondary sexual characteristics was about one year in both 
groups. After two years’ follow up the untreated patients in group 1 had maintained their pre- 
dicted final height. These changes were in contrast to those observed at first examination in 
patients in group 2 who had a mean (SD) predicted final height of —1-3 (0-2) and a mean bone 
age advance of 3-0 (0-2) years. These data show that bone age advance to chronological age, and 
plasma somatomedin C concentrations measured at initial evaluation are helpful in identifying 


less severe and potentially slow progressing forms of central precocious puberty. 


Children with central precocious puberty have a 
premature increase in the secretion of sex hormones 
that leads to acceleration of their growth rate. At 
the same time excessive progression of bone age 
may lead to short adult stature. The course of sexual 
precocity is variable, however, and in some cases 
normal growth continues with no reduction in 
predicted final height.! This clinical heterogeneity 
may partly explain the difficulty that has been 
encountered in establishing the effectiveness of 
treatment with cyproterone acetate? or medroxy- 
progesterone.” More recently drugs such as luteinis- 
ing hormone releasing hormone analogues have 
been shown to suppress gonadotrophin secretion 
and gonadal activity completely. Data from short 
term trials have already shown that there is an 
increase in the predicted final height.~® We have 
studied the spontaneous course of precocious pu- 
berty according to its initial presentation, to eval- 
uate the early use of luteinising hormone releasing 
hormone analogues. 


Patients and methods 


Thirty six girls with idiopathic precocious puberty 


who had been regularly followed up in the paediatric 
endocrinology unit were assigned to this study. 
Informed consent was obtained from both them and 
their parents. The diagnostic criterion of precocious 
puberty was the occurrence of oestrogenic activity in 
association with the appearance of pubic hair before 
age of 8 years. Primary ovarian follicular cysts and 
adrenal diseases were ruled out. The plasma concen- 
trations of B human chorionic gonadotrophin and 
a fetoprotein were normal. A computed tomogram 
of the head was carried out in all cases and was 
normal. No patient had previously received treat- 
ment for precocious puberty. Growth hormone 
secretion, evaluated by the arginine-insulin toler- 
ance test, was normal. 

Patients were arbitrarily classified into two groups 
(table 1) according to their bone age advance over 
chronological age at first examination: group 1 com- 
prised patients in whom the advance was less than 
two years (cases 1-17) and group 2, patients in 
whom it was more than two years (cases 18-36). The 
bone age advance was selected as a discriminatory 
criterion because it had been used in this group to 
decide which patients were to receive treatment with 
the luteinising hormone releasing hormone 
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Table 1 Clinical and biological data for 36 girls with precocious puberty at time of first examination 


ee 








Case Chronological Bone Height Pubertal Plasma Vaginal Peak plasma Peak follicle Plasma 
No age age (SD) stage? oestradiol maturation luteinising stimulating somatomedin C? 
(years) (years) concentration index hormone hormone insulin like 
(pmol/l) concentration concentration growth factor I 
(IUII) (IUII) concentration 
(Ulmi) 
Group 1 Bone age less than two years in advance of chronological age 
1 2 2-7 2 B3 PIM 0 40 4-3 14 0-8 
2 5-1 6-5 3-5 B2 P2 37 0 8 1:6 0-8 
3 5-6 6-5 1 B1 PIM 132 17 1:7 1:5 Not measured 
4 5-6 6-1 1 Bl PIM 18 41 1 0-5 17 
5 6 6 —1-7 B2 P2 77 0 3 2-5 0-3 
6 6-1 7 2 B2 P2 320 50 3 25 Not measured 
7 6-2 78 4 B2 P2 0 20 5 7 Not measured 
8 6-8 7-8 3 B2 P2 37 25 2-4 10 1:3 
9 6-8 7 0 B2 P2 18 0 4 6 1:3 
10 7 75 2-5 B2 P2 37 Not measured 7-1 Tl r 
11 71 78 1 B2 P2 18 Not measured 1-4 55 Not measured 
12 7-5 8-8 1-5 B2 P2 37 0 2-4 8 0-6 
13 77 8-8 1-3 B2 P2 0 0 Not Not Not measured 
measured measured 
14 7-7 8-8 1 B2 P2 88 Not measured 2-3 2-4 Not measured 
15 77 7-8 2 B2 P2 455 Not measured 25 5 Not measured 
16 7-8 78 2 B2 P2 0 Not measured 2-6 8-3 Not measured 
17 8 7-8 1 B2 P2 117 0 3-3 10 Not measured 
Mean 
(SEM) 6-5 (0-4) 7-2 (0-4) 1-6 (0-3) 82 (30) 16 (5) 4-8 (1-4) 5-8 (0-9) 1:0 (0-2) 
Group 2 Bone age more than two years in advance of chronological age 
18 3-4 5-5 3 B2 P3M_ 183 50 28 14 1:3 
19 3-5 6 3 B3 P2 132 45 — — -19 
20 4-6 10-5 4-5 B2 P2 55 40 35 20 1:7 
21 6-2 9 2-0 B3 P2 183 55 10 10 4-7 
22 6-6 10-5 3-5 B4 P2 37 42 30 12-5 2:3 
23 7-2 10-5 2 B3 P4 110 49 8 9 — 
24 77 1G 1 B2 P4 147 3 3 7:3 1:3 
25 7-7 10-5 1:5 B3 P3 257 50 10 7 3 
26 77 11 1:5 B3 P3 73 21 12 11 — 
27 7-8 10-5 2 B2 P2 B 45 11 13 1-2 
28 8 10-5 3 B3 P3 128 0 8-5 1 0-8 
29 8-2 11 3-0 B3 P3 202 43 10 6-5 1:2 
30 8:3 l1 2-5 B4 P4 271 40 3 6:3 2-7 
31 8-4 2 2-5 B3 P2M_ 238 58 66 12 1-9 
32 8-8 12 —0-5 B2 P2 220 52 10 9-3 2:9 
33 8-8 li 2 B3 P3 110 40 8 7-6 0-9 
34 8-8 12 3-5 B3 P2M 183 52 11 5 3-3 
35 8-8 11 2-5 B3 P3 110 47 16 7 2-5 
36 8-9 12-5 2 B4 PSM 404 50 44 31 — 
Mean 
(SEM) 7-3 (0-4) 10-4 (0-4) 2-4 (0-2) 164 (21) 41 (4) 18 (4) 10-5 (1-5) 2-1 (0-3) 
p Value 
campared 
with 
group 1 <0-2 <0-001 <0-1 <0-05 <0-01 <0-01 <0-01 <0-01 


analogue. In group 1 the spontaneous course of 
precocious puberty was followed up for a period of 
two years after the first examination and the patients 
received no treatment, with the consent of their 
parents. The patients in group 2 were treated with 
the analogue (Buserelin) after the first examination. 


The mean (SEM) chronological ages in the two 
groups at the time of first examination was 6-5 (0-4) 
years (range 2-8) and 7-3 (0-4) years (range 
3-4-8-9), respectively. 

The mean (SEM) time intervals between the 
onset of sexual development and the first examina- 
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tion were similar in both groups, being 0-7 (0-2) 
years (range 0-2-1) and 1-0 (0-2) (range 0-3-1-1), 
respectively. 

Puberty ratings were made according to Tanner’s 
scale.” Height changes were expréssed as standard 
deviation scores taking the chronological age or the 
bone age as the reference measurement. Final 
heights were predicted according to the method 
Bayley and Pinneau”? using the bone age as assessed 
by Greulich and Pyle.” Final predicted heights were 
expressed in relation to the mean normal adult 
height using standard deviation scores.’ 

All patients were evaluated according to pre- 
viously published methods for growth hormone 
secretion (arginine-insulin tolerance test?) and 
basal serum values of oestradiol and somatomedin 
C/insulin like growth factor 1." The gonadal hypo- 
thalamic-pituitary axis was investigated by basal and 
luteinising hormone releasing hormone stimulated 
measurements of plasma luteinising hormone, and 
follicle stimulating hormone, as previously 
reported. The vaginal maturation index was eval- 
uated by vaginal smear examination with an upper 
normal prepubertal value of 35.!° 

The vaginal maturation index was not evaluated 
in cases 10, 11, 14, 15, and 16 at the time of their 
first examination. Cases 13 and 19 were not tested 
for luteinising hormone releasing hormone at their 
initial examination. All data are expressed as mean 
(SEM) and statistical comparisons were made by 


Student’s paired ¢ test on the same group, and by the 
unpaired ¢ test between groups 1 and 2. 


Results 


COMPARISON AT TIME OF DIAGNOSIS BETWEEN THE 
TWO GROUPS OF PATIENTS 

Tables 1 and 2 show the clinical presentation and 
biological data of the two groups. The distribution 
of the breast development stage in relation to the 
bone age advance is shown in the figure. The mean 
chronological ages at the first evaluation and the 
mean time from the onset of sexual development 
were similar in both groups. By definition the mean 
bone age advance (expressed as bone age minus 
chronological age) was significantly lower in patients 
in group 1 (0-7 (0-1) years) compared with group 2 
(3 (0-2) years) (p<0-001). The mean height gains 
during the year before the initial evaluation were 
similar in both groups, 7-8 (0-8) cm and 8-5 (0-4) cm, 
respectively. Patients of group 1 were, however, 
slightly but not significantly shorter, with a mean 
(SD) height score for chronological age of 1-6 (0-3) 
above the normal mean compared with 2-4 (0-2) for 
patients of group 2 (p<0-05). 

Patients in group 1 also had fewer clinical signs of 
excessive oestrogen production when first seen: 
vaginal bleeding in two cases (cases 3 and 4), breast 
development at Tanner’s stage 2 in 14 patients, and 
stage 3 in one case (table 1). Pubic hair was present 


Table 2 Spontaneous growth and bone maturation during the two years following the first examination in girls with 
precocious puberty and moderate oestrogen activity (group 1) 


























Case Bone age —chronological Height prediction 
No age (years) Height (SD) (standard deviation score) 
0 After 2 years 0 After 2 years 0 After 2 years 

1 0-7 0-9 2-0 2-0 Not known Not known 
2 1-4 0-9 3-5 3 Not known 1 

3 0-9 0-9 1-0 2 Not known 0-8 

4 0-5 1-6 1:0 2 Not known 0 

5 0 1-6 -1-7 —0:3 Not known -2-2 

6 0-9 1-2 2-0 1-6 0-1 0 

7 16 0-5 40 3 1-2 1-5 

8 10 0-8 3-0 3 —0-1 1-4 

9 0-2 0-9 0-0 —0-5 -1-1 —0-9 

10 0-5 0-9 2.5 2°5 1-8 1-1 

il 0-7 15 1:0 1 0-5 —0:3 

12 13 1-1 1:5 0-7 0 —1:2 

13 1-1 0-9 1:3 2-5 —0-5 0 

14 1-1 1-2 : 1-0 0 0-2 Not known 
15 0-1 1-8 2-0 3 1-2 —0-1 

16 0 1-5 2-0 2 1-5 1 

17 —0-2 1-1 1-0 0-8 0-5 —0-1 
Mean (SEM) 0-7 (0-1) 1-1 (0-1)* 1-6 (0-3) 1-6 (0-4) 0-4 (0-2) 0-1 (0-3) 





*p<0-05 compared with value at time 0. 
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Figure Distribution of the breast development stage in 


relction to bone age advance (bone age—chronological 
age) in girls with precocious puberty. 


at first examination in 14 patients (stage 2), and the 
remaining three patients (cases 1, 3, and 4) de- 
veloped pubic hair within eight months of diagnosis. 
All patients had pubic hair before the age of 8 years. 
Patients 7, 9, 11, and 16 had recurrent and spon- 
taneously reversible spurts of breast development. 

The initial biological data are shown in table 1. In 
group 1, the mean concentration of circulating 
oestradiol was 82 (30) pmol/l (range 0-455). Al 
except cases 6 and 15 had concentrations of less than 
132 pmol/l. The mean vaginal maturation index was 
16 (5) (range 0-50), mean luteinising hormone peak 
was 4-8 (1-4) IU/ (range 1-25), and the mear 
follicle stimulating hormone peak was 5-8 (0-9) [U/- 
(range 0-5-14). Eleven of 17 girls had no bio- 
chemical or cytological signs of oestrogen impregna- 
ticn (oestradiol concentration <92 pmol/l and 
vaginal maturation index <35). In spite of the per- 
sistence of breast development, the two patients 
with the highest initial plasma oestradiol concentra- 


tions (cases 6 and 15) had prepubertal oestradiol 
concentrations and vaginal maturation indexes when 
re-evaluated six months later. Pelvic ultrasound 
examination did not disclose any ovarian cysts. 

In contrast, most patients in group 2, whose bone 
age advance was at least two years, had overt clinical 
and biological signs of excessive oestrogen produc- 
tion when first seen. Their breast.development was 
equal or above stage 3 in 14 cases. In the remaining 
four cases it was stage 2. In this group, the mean 
plasma concentration of oestradiol was 164 (21) 
pmol/l (range 37-404), the mean vaginal maturation 
index was 41 (4) (range 0-58), the mean peak 
luteinising hormone was 18 (4) IU/I (range 3-66), 
and the mean peak follicle stimulating hormone was 
10-5 (1-5) TUA (range 1-31). All the values in group 
2 were significantly greater than the mean values in 
group 1 (table 1). They were thought to reflect a 
more mature hypothalamic gonadotrophin axis. 

Plasma somatomedin C concentrations were 
measured in only eight patients from group 1 and 16 
patients from group 2 (table 3). The mean plasma 
somatomedin C concentration of 1-0 (0-2) U/ml 
(range 0-3-1-7) in group 1 was significantly lower 
than that of 2-1 (0-3) U/ml (range 0-8-4-7) in group 
2 (p<0-01). These two groups of patients also 
differed significantly in their plasma oestradiol 
concentrations (33 (11) pmol/l in group 1 and 154 
(18) pmol/l in group 2, p<0-001). The growth rate 
was similar in the two groups, however, (7-8 (0-8) 
and 8-9 (0-4) cm in groups 1 and 2, respectively). We 
found no correlation between plasma oestradiol 
concentration and growth rate or plasma soma- 
tomedin C concentrations, either within the groups 
or in the whole population. 


GROWTH IN UNTREATED PATIENTS WITH CENTRAL 
PRECOCIOUS PUBERTY AND LOW OESTROGEN 
ACTIVITY 
The spontaneous growth and bone maturation in 
patients in group 1 were analysed after a two year 
follow up period to evaluate the effect of persis- 
tently low oestrogenic activity (table 2). After two 


Table 3 Plasma somatomedin Clinsulin like growth factor I concentrations and growth in girls with mild (group 1) or 
severe (group 2) precocious puberty at time of first examination. Values are expressed as mean (SEM) 








Group No of Chronological Bone age Bone age— Plasrna Plasma Height 
subjects age (years) (years) chronological somatomedin C! oestradiol gain 
age (years) insulin like growth concentration (cmlyear) 
factor I concentration (pmol/l) 
(U/ml) 
1 8 6-0 (0-6) 6:6 (0-7) 0-7 (0-2) 1-0 (0-2) 9 (3) 7-8 (0-8) 
2 16 7-2 (0-5) 10-2 (0:5) 3-0 (0-3) 2-1 (0-3) 42 (5) 8-9 (0-4) 
p Value <0-1 <0-001 <0-001 <0-01 <0-001 <0-3 
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years the mean advance of bone age over chrono- 
logical age was 1-1 (0-1) years (range 0-5-1-8). This 
was slightly but significantly higher than the value of 
0-7 (0-1) years found at the time of diagnosis 
(p<0-05). The -bone age advance had progressed by 
more than one year in only four of 17 children (cases 
4, 5, 15, and 16). It had remained unchanged or 
decreased in six cases and progressed slightly in the 
seven others. Height for chronological age, ex- 
pressed by the standard deviation score, had a mean 
(SD) value of 1-6 (0-4) compared with a similar 
initial value of 1-6 (0-3). The mean (SD) final height 
prediction in these patients remained unchanged 
(0-1 (0-3)) from the: initial value in the group of 12 
patients evaluated at the time of diagnosis (0-4 
(2-2)). Interestingly, among the four patients with 
the greatest progression of bone maturation, only 
one (case 5) had a low final height at 2-2 standard 
deviations below. the normal mean. 

The results for the patients in group 1 were also 
compared with the initial data for patients in group 2 
at the time of diagnosis when precocious puberty 
had already accelerated bone maturation by more 
than -two years. The mean (SD) predicted final 
height of patients in group 2 was —1-3 (0-2) below 
the normal mean, a value significantly lower than 
that calculated for patients in group 1 (0-1 (0-3)) 
after a much longer period of spontaneous progres- 
sion of the disease (p<0-01). This comparison 
indicates that, despite nearly three years exposure 
to low or variable oestrogen activity in group 1, 
growth had remained sufficient in relation to bone 
maturation to permit a satisfactory mean final 
height prediction. This had not been the case in 
patients in group 2 seen after an average period of 
only one year who presented with pronounced 
oestrogen activity and rapidly progressing bone 
maturation. 


Discussion 


The results of this study showed that mild forms of 
central precocious puberty in girls can be identified 
at the first examination. They seem to be charac- 
terised by a combination of low plasma oestradiol 
and somatomedin C, and normal or slightly ad- 
vanced bone age at the time of diagnosis. We have 
shown that the course of the disease in these cases is 
also different from the usually severe forms of 
precocious puberty. 

Bone maturation and height gain do not progress 
in parallel when sex hormones are secreted before 
puberty, and it is known that precocious puberty 
may accelerate epiphyseal fusion and lead to a 
reduction in final height. The fact that some patients 
in this group initially presented with normal or close 
to normal bone age provided an opportunity to 


assess the effect of moderate oestrogen activity on 
growth and to discuss the need for treatment with 
luteinising hormone releasing hormone analogue. 
The group of girls with mild precocious puberty seen 
nine months after the onset of clinical evidence of 
ovarian activity had only a moderate advance in 
bone age. The predicted final height remained 
normal. This indicates that height gain had been 
appropriate for bone age progression during this 
early period of the disease. This effect on skeletal 
growth was probably caused by low circulating 
oestradiol concentrations during the preceding year. 
It is comparable with the changes observed during 
the early period of normal puberty when growth 
acceleration accompanies or even precedes the 
appearance of sexual characteristics.” Plasma 
somatomedin C values increase during normal 
puberty, and it has been suggested that this pheno- 
menon in girls is mediated by the oestrogens 
indirectly through increased secretion of growth 
hormone rather than through a direct effect of 
oestradiol. 1° 

In the present report, the plasma somatomedin C 
values were in the prepubertal range or slightly 
raised in girls with mild forms of precocious puberty, 
and pubertal in those with the severe form. A more 
complete evaluation of growth hormone secretion 
using spontaneous growth hormone profiles could 
not be performed in these patients, but in view of 
their plasma somatomedin C values it is possible 
that the growth hormone secretion in the mild form 
of precocious puberty did not increase to the extent 
seen in normal puberty during the Tanner P3 
stage? or in patients with severe precocious 
puberty. !* 1? 2325 One might consider, therefore, 
that in addition to bone age the circulating value of 
plasma somatomedin C at the first examination 
reflected the ovarian activity, hence the severity of 
the disease. It is tempting to relate these data to 
recently reported results of skeletal response to low 
doses of oestrogens in girls with Turner’s 
syndrome.”© 7’ These authors reported a significant 
acceleration of growth without a concomitant 
change in plasma somatomedin C. When low doses 
of ethinyloestradiol were used in these patients, 
growth rates increased without changes in bone 
maturation or plasma somatomedin C concentra- 
tion. In the present study, a similar course of events 
occurred in the group of girls with less severe 
precocious puberty. In contrast, when pronounced 
oestrogen activity was present at first examination, 
its effect was predominant on bone maturation, 
leading to a reduced final height prediction. This 
was because the growth rate was not appropriate for 
bone age progression, in contrast to the group with 
moderate precocious puberty. 
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The spontaneous course of idiopathic precocious 
puberty in girls varies in presentation of symptoms 
and rate of progression: some cases show acceler- 
ated development while others may progress slowly 
or have totally regressive characteristics.1 The 
results of this study show that the lack of excessive 
progression of bone age and the plasma prepubertal 
somatomedin C values nine to 12 months after the 
onset of puberty are good indicators of moderate 
oestrogen activity. It is of interest that most of these 
cases of mild precocious puberty at time of diagnosis 
did not develop into severe and rapidly progressing 
precocious puberty. Furthermore, the age distribu- 
tion did not differ between the groups. We suggest 
that girls with such moderate forms of precocious 
puberty be followed up for at least one year before 
deciding whether or not to have treatment with 
luteinising hormone releasing hormone analogue. 
Such treatment may be delayed as long as the final 
height prediction can be closely followed. Regres- 
sion of pubertal signs may occur. If treatment is 
decided upon, it may be appropriate to re-evaluate 
the hypophyseal ovarian activity after two years of 
follow up to avoid unduly prolonged treatment. 
Probably all of these factors should be taken into 
consideration before committing a girl with central 
precocious puberty to treatment with the analogue. 

In conclusion, an untreated group of girls with 
idiopathic central precocious puberty and moderate 
Ovarian activity was followed for a period of two 
years. The data obtained at their first examination 
and in the course of their disease showed that bone 
maturation and plasma somatomedin C values are 
helpful in identifying the less severe and potentially 
slowly progressing forms of central precocious pu- 
berty.. These cases might not require immediate 
treatment with the luteinising hormone releasing 
hormone analogue and a close follow up may be 
preferred before treatment to evaluate their natural 
course. 
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Transient infantile hyperthyrotrophinaemia 
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SUMMARY Sixteen cases of transient infantile hyperthyrotrophinaemia were followed up for two 
to seven years. Concentrations of serum triiodothyronine, thyroxine, and free thyroxine were 
maintained within the normal range in all cases. All but one child, who had a hearing 
disturbance, showed normal mental development with normal physical and skeletal maturation. 
Eleven children had normal concentrations of serum thyroid stimulating hormone and no signs or 
symptoms of thyroid dysfunction; in three children, diffuse small goitres developed and two 
further children showed relapse with slightly raised concentrations of thyroid stimulating 


hormone. 


It is concluded that ‘transient infantile hyperthyrotrophinaemia’ is a syndrome, which differs 
from typical transient neonatal hypothyroidism, and that careful follow up is necessary because 
some children show signs of mild pituitary-thyroid dysfunction in later childhood. 


Transient infantile hyperthyrotrophinaemia was first 
reported by Miyai et al in 1979." Since then many 
similar cases have been reported? 3 with a total of 98 
cases in Japan by 1986. 

Differentiation of transient infantile hyper- 
thyrotrophinaemia from mild congenital hypo- 
thyroidism or transient neonatal hypothyroidism is 
difficult unless suspected cases are carefully 
followed up. No long term studies have been made 
on this syndrome, however, so confirmatory 
diagnosis has not been possible and the prognosis 
for physical and psychomotor development is 
uncertain. 

In this paper we report follow up studies on 16 
children with transient infantile hyperthyrotrophin- 
aemia. i 


Patients and methods 


During eight years from November 1975 to 
November 1983, 281 468 infants born in the Osaka 
area were screened by measuring thyroid stimu- 
lating hormone in filter paper blood samples, and 
257 neonates were recalled according to the 
programme reported previously.” There were 84 
infants with a high concentration of thyroid stimu- 
lating hormone (>17 mU/I), and of these 16 infants 
(10 boys and six girls) were diagnosed as having 
transient infantile hyperthyrotrophinaemia by the 
criteria shown in table 1. All were delivered nor- 
mally at full term and had normal birth weights and 


lengths. None had clinical features of congenital 
hypothyroidism® and bone age was normal in the 
infants where radiography was performed. None 
had a maternal history of excessive or low iodine 
intake or of amniofetography. 

Maternal antithyroglobulin haemagglutination 
antibodies (TGHA) and antithyroid microsome 
haemagglutination antibody (MCHA) were nega- 
tive as was thyroid stimulating hormone binding 
inhibitor immunoglobulin (TBII) in the cases 
examined. 

These 16 infants were followed up from two to 


Table 1 Criteria for the diagnosis of transient infantile 
hyperthyrotrophinaemia 





1 Serum thyroid stimulating hormone concentration (2-8 weeks 
of age) >4 SD above mean for normal controls (mean (SD) 7-4 
(2-3) mU/l; mean+4 SD 17 mUA) 

2 No contamination with heterophilic antibodies (linear relation- 
ship in dilution experiment) 

3 Serum thyroid stimulating hormone concentration (2-9 months 
of age) decreases to normal and remains normal until 1 year of 
age 

4 Serum thyroxine, triiodothyronine, and free thyroxine concen- 
trations are maintained within the normal range 

5 No goitre or sublingual mass due to an ectopic thyroid (normal 
thyroid radioiodine uptake and scintigram) 

6 Nosigns or symptoms of congenital hypothyroidism and normal 
bone maturation 

7 No maternal history of thyroid disorder, intake of antithyroid 
agents, or excessive or deficient iodide intake 
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seven years with reference to growth and clinical 
progress. Mental development was assessed by the 
Tsumori-Inage or Tsumori-Isobe developmental 
scales, which are usually used in Japan to evaluate 
psychomotor development of infants and children.’ 
In some cases the IQ was assessed by the Wechsler 
intelligence scales for children. 

Hormones were measured by radioimmunoassay 
using commercial kits: thyroid stimulating hormone 
(Daiichi Radioisotope Laboratory), thyroxine and 
triiodothyronine (Eiken Immunochemical Labora- 
tory), and free thyroxine (Gamma Coat RIA kit, 
Clinical Assays Inc or Amerlex Free T, RIA Kit, 
Amersham Radiochemical Centre). 

TGHA and MCHA were measured by a commer- 
cial kit (Fujizoki Co); the basal metabolic rate was 
measured with an open circuit indirect calorimeter.’ 

Statistical analyses were performed by the two 
sample Student’s t test. 


Results 


The initial thyroid function test results are shown in 
table 2. None of the infants had appreciable clinical 
features of cretinism on the score of Smith et al,® and 
in the infants studied for bone age none had 
abnormal bone maturation. Concentrations of 


serum thyroxine, triiodothyronine, and free 
thyroxine were all normal as were the basal meta- 
bolic rates of those infants examined. Thyroid 
uptake of !7J was also within the normal range, and 
scintigrams showed a normal shape, size, and 
location of the thyroid. 

Changes in the concentrations of serum thyroid 
stimulating hormone, thyroxine, and triiodothyro- 
nine during follow up for two to seven years are 
shown in fig 1. Five infants (cases 5, 6, 12, 13, and 
15) were given L-thyroxine for two to six months 
after birth; the other infants received no medication. 

According to outcome we have tentatively classi- 
fied the 16 infants into three groups (table 3). Group 
A had normal thyroid function (cases 1-11; fig 1A) 
and concentrations of serum thyroxine, triiodo- 
thyronine, and free thyroxine were within the 
normal range of age matched controls. Group B had 
relapse of hyperthyrotrophinaemia (cases 12 and 13; 
fig 1B), concentrations of serum thyroid stimulating 
hormone were >17 mU/ at 5-9 years (case 12) and 
5-4 years (case 13), but concentrations of serum 
thyroxine, triiodothyronine, and free thyroxine 
were within the normal ranges throughout the 
follow up period. Group C (cases 14-16; fig 1C) 
developed small diffuse goitres (2-3 cm width) at the 
ages of 3 years (case 14), 4-1 years (case 15), and 5:3 


Table 2 Initial results of thyroid function tests in patients with transient infantile hyperthyrotrophinaemia at 2 to 7 weeks 











of age 
Case Age Thyroid Thyroxine Free Triiodo- % Basal 123) 
No (weeks) stimulating (nmolll) thyroxine* thyronine metabolic uptake 
hormone (pmoill) (nmolll) rate (3 hours) 
(mUll) 
1 3 43-0 190 47-3 (G) 3-35 -3 17-7 
2 3 19-5 110 35-9 (G) 3-21 +10 21:8 
3 7 22-0 141 11:3 (A) 3-69 ND ND 
4 4 19-7 128 49-1 (G) 2-90 -11 ND 
5 4 29-7 209 22-1 (G) 3-84 —10 36-6 
6 3 18-4 217 29-7 (G) 4-09 +6 26-4 
7 5 23-6 97 13-2 (A) 3-20 +16 28:3 
8 5 24-1 146 21:2 (A) 3-13 ND ND 
9. 5 27-0 136 20-5 (A) 3-43 ND ND 
10 3 18-3 129 ND 3-59 +4 ND 
lft 5 26-4 141 14-7 (A) 4-93 ND ND 
12} 2 29-4 160 23-5 (G) 3-89 -1 36-4 
13} 3 22-4 186 32-1 (G) 3-32 -8 31-6 
143 5 17-2 156 44-6 (G) 2-93 =12 37-6 
153 5 33-3 133 21-2 (A) 3-61 -5 26-1 
163. 3 77-4 195 23-1 (A) 3-21 +14 ND 
Nermal 
range 2-8-12-0 90-187 22-8- 2-43-4-52 -15 to 10-0-35-0 
‘ . 47-2 (G) +15 
8-08-25-5 (A) 
ND: not done. 


*Gamma Coat RIA (G) or Amerlex Free T4 RIA (A). 


+Caild with hearing disturbance; child with relapsed hyperthyrotrophinaemia. §child with goitre that appeared later. 
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Fig 1 Changes in serum thyroid stimulating 

hormone, thyroxine, and triiodothyronine concentrations 
in patients with transient infantile 
hyperthyrotrophinaemia. The lines indicate data 

during no treatment (—) and treatment with L-thyroxine 
(— -). The shaded area shows the range of normal 
control values in our hospital. (A) Group A: cases 1-11; 
(B) Group B: hyperthyrotrophinaemia relapsed cases 12 
(O) and 13 (A); and (C) group C: cases who 

developed goitre (cases 14O, 15A, and 160). 
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Table 3 Most recent results of thyroid function tests in patients with transient infantile hyperthyrotrophinaemia 








Case Age Thyroid Thyroxine Free Triiodo- Developmental 
No (years) stimulating (nmol/l) thyroxine* thyronine quotienti| 
hormone (pmolll) (nmolil) or IQ 
(mUl) (nmol/l) 

1 7-1 3-5 133 21-2 3-38 119 (T) 
2 69 4-1 114 22-2 2-60 97 (T) 
3 7-0 5-8 105 22-1 2-60 99 (W) 
4 76 5:4 124 19-9 2:66 116 (W) 
5 5-4 8-7 117 16-7 2-75 90 (T) 
6 5-1 4-4 136 19-9 3-07 110 (T) 
7 5:3 10-8 127 21:2 3-04 120 (T) 
8 3-3 45 142 19-9 2-70 127 (T) 
9 4-0 5-6 119 25-0 2-72 133 (T) 
10 3-2 4:7 121 21-8 2-67 150 (T) 
11} 3-5 40 183 17-9 2-87 80 (T) 
12} 5-9 20-0 105 18-6 2-75 107 (T) 
Bt 5:7 13-6 144 23-1 1-90 112 (W) 
148 71 7-6 127 21-2 2-40 110 (W) 
15§ 5-6 6-1 135 18-6 2:17 110 (T) 
16§ 5:2 2-6 137 23-1 2-61 126 (T) 
Normal range <1-9-0 73-187 9-2-27-7 1-89-3-50 


*Amerlex Free T, RIA. 





Child with hearing disturbance; child with relapsed hyperthyrotrophinaemia; §child with goitre that appeared later. 
|{Tsumori-Isobe (T) or Wechsler intelligence scales for children (W). 


years (case 16). Concentrations of serum thyroxine, 
triiodothyronine, free thyroxine, and thyroid 
stimulating hormone were within the normal range 
except for case 14 who showed a transiently low 
triiodothyronine concentration at 5-1 years with 
slight increases in concentrations of thyroid stimula- 
ting hormone at 1-7 and 3-9 years. 

Thyroid antibodies were not detected in any 
infant throughout the follow up period. The 
response of thyroid stimulating hormone to thyro- 
trophin releasing hormone (10 pg/kg bodyweight; 
TRH-—Tanabe) was examined in some cases in early 
infancy (1-3 months of age), later infancy (6-12 
months of age), and childhood (3-4-7-7 years of 
age); the results are shown in fig 2. In the seven 
infants studied in group A, peak thyroid stimulating 
hormone concentrations in childhood (mean (SD) 
33-5 (7-5) mU/1) were significantly lower than those 
in early infancy (81-3 (49-1) mU/1) (p<0-05). Both 
infants in group B and one infant in group C (case 
24) had significantly higher peak thyroid stimula- 
ting hormone concentrations in later infancy and 
childhood than found in normal controls. 

The ratio of the increments in thyroid stimulating 
hormone (TSH) and triiodothyronine (T3) after 
stimulation by thyrotrophin releasing hormone 
(AT3:ATSH) of all cases examined in group A 
(mean (SD): 1-9 (1-5)x10° nmol/mU) were similar . 
to those in no-mal controls (2-9 (1-8) 10° nmol/mU) 
in early infancy. 

All cases snowed normal growth and none were 


below —1-5 SD for height or weight in normal 
Japanese children. Bone maturation was also 
normal in all cases. Developmental quotient or IQ 
values for all infants were above 90, except for 
the one child who was deaf who had a score of 80 
(table 3). 


Discussion 


In this paper we have proposed a definition of 
transient infantile hyperthyrotrophinaemia that is a 
modification of our previous definition.” On the 
basis of these criteria we found 16 cases in 281 468 
newborn babies screened and estimate the incidence 
of this syndrome to be about 1:17600. During follow 
up for two to seven years, 11 children (group A) had 
consistently normal thyroid function and no signs or 
symptoms of hypothyroidism. The peak values of 
thyroid stimulating hormone after administration of 
thyrotrophin releasing hormone decreased gradually 
with age, becoming almost normal by the ages of 3-7 
years. 

The results for the AT3: ATSH ratio after thyro- 
trophin releasing ‘hormone indicate that these 
children respond to endogenous thyroid stimu- 
lating hormone, and compensated primary hypo- 
thyroidism can be excluded as the residual capacity 
of the thyroid to secrete triiodothyronine after 
thyroid stimulating hormone stimulation was the 
same as that in age matched normal controls. In this 
respect, transient hyperthyrotrophinaemia can be 
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Fig.2 Thyroid stimulating hormone response to thyrotrophin releasing hormone stimulation test in group A (@), B (A), 
and C (™). the shaded area shows the range of normal control values. Closed circle with vertical bars indicate means (SD) of 
thyroid stimulating hormone concentrations of group A cases. Peak thyroid stimulating hormone values of group A cases in 
childhood were significantly lower than those obtained in early infancy (p<0-05). 


considered to be a different condition from primary 
hypothyroidism. The children in group A may have 
had some form immaturity of the hypothalamic- 
pituitary-thyroid axis—probably in the negative 
feedback system—in early life, but this immaturity 
had disappeared by childhood. 

On the other hand, two children in group B 
showed relapse of hyperthyrotrophinaemia and in 
three children in group C small soft diffuse goitres 
developed. The children in group B had slightly 
higher concentrations of serum thyroid stimulating 
hormone than normal. We have followed up these 
cases without medication, and they show good 
psychosomatic development with normal bone 
maturation. The reason for hyperthyrotrophinaemia 
in these cases is unknown. If their concentrations of 
serum thyroxine decrease in response to increased 
demands for thyroid hormones in the future, they 
will have a final diagnosis of mild primary hypo- 
thyroidism. On the other hand, if their thyroid 
stimulating hormone is maintained at a raised 
concentration or fluctuates without any abnormalities 
in the concentration of serum thyroid hormones, we 
may classify them as having sustained or fluctuating 
hyperthyrotrophinaemia. 


One child in group C had a persistently 
exaggerated thyroid stimulating hormone response 
to thyrotrophin releasing hormone and one episode 
of a low triiodothyronine and a low-normal thy- 
roxine concentration. The !“I scinitigram of this girl 
showed normal location but slight enlargement of 
the thyroid, and her J thyroidal uptake was 
normal with no discharge of “I by thiocyanate; 
mild hypothyroidism due to a defect of hormone 
synthesis still cannot be excluded in this girl. The 
other two children (cases 15 and 16) had small soft 
goitres but their serum thyroid hormones and 
thyroid stimulating hormone concentrations were 
normal. These children most likely had diffuse 
simple goitres. As these three children show good 
physical and mental development and normal bone 
maturation, we will continue their follow up without 
treatment. 


We are grateful to Drs H Tajiri, S Ida, S Kimura, K Shimizu and 
I Maki in our department for their help and advice, and to Dr N 
Hata in department of laboratory medicine for the free thyroxine 
assay. 
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Calcium intake and cows’ milk free diets 
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SUMMARY In children with atopic eczema on 
elimination diets, the calcium intake was below the 
estimated requirement in 15 out of 20 who avoided 
cows’ milk and received no milk substitute, and in 
three out of 26 who avoided cows’ milk but were 
provided with a soya or casein hydrolysate formula. 





Intolerance to food is sometimes suspected in 
children with eczema and other atopic diseases, and 
such children are frequently treated with a diet 
which excludes cows’ milk. As dairy products are 
the major dietary source of calcium, a milk substi- 
tute based on soya or casein hydrolysate formula is 
usually advised to ensure an adequate intake of 
calcium. 

The question arises as to whether in practice 
adequate calcium intakes are achieved in children 
on cows’ milk free diets. In order to assess whether 
children on elimination diets are receiving an 
adequate intake of nutrients, we have used dietary 
surveys to examine their calcium and vitamin D 
intake. 


Patients and methods 


Between 1981 and 1987, 56 diet surveys were per- 
formed on 48 children between the age of 8 months 
and 14 years. All were patients with atopic eczema 
attending our outpatient department. All had been 
treated with a ‘few food’ or elemental diet. In the 
‘few food’ diet the patient was allowed only six foods 
(for example, lamb, potato, rice, rice crispies, pears, 
and water) for a six week period. In the elemental 
diet the patient’s intake consisted solely of an 
elemental formula (Vivonex, Norwich Eaton 
Laboratories) for four weeks. At the end of either 
period the diet was abandoned if there had not been 
substantial improvement in the eczema. If the 
eczema improved, then single food items were re- 
introduced at the rate of one per week with the aim 
of identifying foods which worsened the eczema. 
After three months of reintroductions, a diet survey 
was routinely performed to assess the nutritional 
adequacy of the child’s diet. In eight patients the 


child remained on a very restricted diet for more 
than six months, so a diet survey was repeated. To 
perform a diet survey, the parents were asked to 
record, using household measures, all food and 
drink consumed during a five day period. From each 
record, estimated weights of food were used to 
calculate nutrient intake, using standard British 
food tables' and manufacturers’ data. Before 
August 1983 this was done using a electronic cal- 
culator. Thereafter the task was performed using the 
Salford University ‘Microdiet’ programme on a 
microcomputer. 

For this study, the patients were allocated to three 
groups. These were group 1: those taking cows’ milk 
and other cows’ milk products, but with other 
dietary restrictions; group 2: those on a cows’ milk 
free diet and other dietary restrictions, but taking a 
cows’ milk substitute (Wysoy (Wyeth) a soya-based 
formula or Pregestimil (Mead Johnson), a casein 
hydrolysate milk formula, or goats’ milk); group 3: 
those on a cows’ milk free diet and other dietary 
restrictions but taking no cows’ milk substitute. 

Royer noted that the adult human skeleton 
contains approximately 1 kg of calcium more than 
that of the newborn.” The average accretion rate 
from birth to 18 years is therefore around 150 mg 
per day. This is higher at times of rapid somatic 
growth, from birth to 2 years and during puberty.?+ 
Assuming an obligatory urine loss of one to six mg 
per day and a maximal calcium absorption from the 
gut of around 60%,* the minimum daily intake 
which will ensure normal skeletal mineralisation at 
different ages can be calculated and is shown in the 
table. The calcium requirements shown in the table 
were chosen as cut off points for a low calcium 
intake in the present study. A low intake of vitamin 
D was arbitrarily defined as less than 1 ug per day. 


Results 


The children on a diet including cows’ milk (group 
1) were found to have a mean calcium intake of 792 
mg/day (range 431-1021). Those using a cows’ milk 
substitute (group 2) had a mean intake of 413 
mg/day (range 164-797), and the children in group 
3, taking neither cows’ milk nor a milk substitute, 
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Table Calcium accretion rate and requirements by age and 
number of patients with intake below age related 
requirements 








Age Accretion Approximate No below requirements 
(years) rat requirements for age group 
(mglday) (mgiday) 
Group 1 Group 2 Group 3 

0-1 190 300 0/2 2/6 3/5 

2-7 70 150 0/3 0/18 2/12 
3-10 140 250 — 1/2 3/3 
11-18 250 500 Us — — 
Total 1/10 3/26 8/20 


Group 1: taking cows’ milk, group 2: on milk free diet plus a milk 
substitute, group 3: on milk free diet with no milk substitute. 


had a mean calcium intake of 213 mg/day (range 
123—444). The calcium intakes in the three groups 
were significantly different (p<0-005, Wilcoxon 
rank sum test). 

When the calcium intake was compared with the - 
age related requirements, however, it was found 
(see table) that most children studied were aged 2 to 
7 years, when calcium requirements are relatively 
low. Thus only three of the 26 patients receiving 
milk substitutes had an intake lower than their 
requirements, while eight of 20 who were not 
receiving milk or a milk substitute had an intake 
lower than their requirements. 

In the children in group 1, the mean contribution 
of milk to the daily calcium intake was 405 mg 
(51%), and a further 146 mg (18%) was derived 
from milk products such as cheese. A milk substitute 
contributed a mean of 229 mg (55%) to the daily 
calcium intake of the children in group 2. 

The daily vitamin D intake was less than 1 ug in 
three out of 10 patients in group 1, seven out of 26 in 
group 2, and 15 out of 20 in group 3. 


Discussion 


This study shows that it is unsafe to assume that 
calcium requirements will be adequately provided 
by the prescription of a cows’ milk substitute in 
children on a diet excluding cows’ milk. The need 
for calcium supplements in such patients will depend 
on the calcium content of the remaining diet, the age 
of the child, and the nature of the disease being 
treated. In children with atopic eczema, there are 
three special circumstances which may increase the 
need for calcium. Firstly, intestinal absorption of 
calcium may be impaired in eczematous children 
who have an enteropathy.’ Secondly, the absence of 
lactose in the diet may reduce calcium absorption.°® 
Finally, there is a risk of vitamin D deficiency and 
consequently diminished gastrointestinal calcium 
absorption in children with atopic eczema who are 
kept out of sunlight. 


We thank Dr MZ Mughal and Dr J Couriel for their helpful 
comments. JD is supported by the National Eczema Society. 
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SUMMARY We report two siblings with 46XX 
hermaphroditism in whom we were unable to show 
the presence of Y specific DNA sequences using the 
DNA probes Y-190, GMGY-7, pHY2.1, pDP34, 
and 27a. We conclude that an autosomal or X 
chromosome gene mutation is the most likely 
mechanism of inheritance in this family with 46XX 
hermaphroditism. 





DNA probes for regions of the Y chromosome have 
led to identification of Y specific DNA in 46XX and 
45XO males, and to the presence of small deletions 
of the short arm in 46XY females with gonadal 
dysgenesis.’ Thus the discordance between karyo- 
type, phenotype, and gonadal histology can be 
explained by invoking translocation or deletion of a 
critical segment of the Y short.arm, which carries 
male determining information, the so called testis 
determining factor. Recently a candidate gene for 
testis determining factor has been isolated.” 

We describe two siblings who are 46XX herma- 
phrodites and in whom we were unable to identify 
the presence of Y derived DNA using five different 
Y specific DNA probes. 


Case reports 


CASE 1 

Case 1 was the first child of unrelated parents. 
Ambiguous genitalia with hypospadias, a bifid 
scrotum, and bilateral scrotal gonads were noted at 
birth. Investigations showed a 46XX karyotype. 
Three injections of human chorionic gonadotrophin 
(1000 units) at 3 months of age resulted in a rise in 
plasma testosterone from 4-1 nmol/l to 6-0 nmol/l. 
Laparotomy showed no Mullerian structures. A 
gonadal biopsy specimen showed bilateral ovo- 
testes, and gonadal fibroblast chromosomes were 
46XX. Because of the well formed male external 
genitalia, the absence of female internal genitalia, 
and the plasma testosterone response to human 
chorionic gonadotrophin it was decided to rear the 
child as a male. At 3 years of age the ovarian 


component of the ovotestes was excised and the 
hypospadias repaired. 


CASE 2 
Case 2 was the second child in the family. His 
external genitalia were similar to those of his 
brother, as were the findings at laparotomy. 
Chromosome analysis showed a 46XX karyotype. 
Three injections of human chorionic gonadotrophin 
(1000 units) produced a rise in plasma testosterone 
from 2-0 nmol/l to 5-2 nmol/l. This child has also 
been raised as a male and had his hypospadias 
repaired and the ovarian component of his ovotestes 
resected at 4 years of age. 

The mother of both children is healthy; the father 
is said to be healthy, but was not available for 
study. 


Methods 


DNA was extracted from 10 ml blood from each 
patient by standard methods. 5 ug DNA was 
digested with appropriate restriction endonuclease 
(Northumberland Biologicals) using buffer provided 
by the manufacturer. DNA was separated by 
electrophoresis on 0-8% agarose gel and transferred 
to a nylon filter (Hybond N Amersham) by blotting. 
The filters were hybridised for 16 hours at 65°C at a 
final salt concentration of 0-6 M. The probes were 
labelled by the random priming method and added 
to the hybridisation solution at a concentration of 
10° dpm/ml. After hybridisation, filters were 
washed with sodium chloride/sodium citrate solution 
at 65°C to remove unhybridised probe, then exposed 
to Kodak XAR5 autoradiographic film with intensi- 
fying screens at —70°C for one to five days. Before 
reuse filters were washed with boiling 10 mM TRIS, 
pH 8. 


HYBRIDISATION PROBES 

Y-190? and GMGY-7? are highly repetitive probes 
from the short arm of the Y chromosome. pHY2.1 
(DYZ2) is a very highly repetitive probe from the 
long arm of the Y chromosome. pDP34 is a single 
copy probe on the short arm of the Y with a 
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homologous sequence in the middle of the long arm 
of the X chromosome®*; 27a is a conserved and Y 
chromosome unique locus near to testis determining 
factor.* 


Results 


The figure (a) shows the results obtained with Taq 
digest and probe 27a. Only track 2 (from a normal 
male control) showed any hybridisation. The lack of 
hybridisation makes it extremely unlikely that testis 
determining factor was present. 

The figure (b) shows the results of hybridisation 
of Y-190 to a Taq] filter. Again only the track from 
the normal male control showed hybridisation. This 


2.2kb—— 
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Figure (a) Autoradiograph of filter of Taql digest 
hybridised with probe 27a. (b) Autoradiograph of filter 
of Taql digested DNA hybridised with Y-190. Track 
I=normal female; track 2=normal male; irack 3= 
mother; track 4 and 5=cases I and 2. 


confirms the lack of Y chromosome material in 
these children. It also rules out the possibility of 
mosaicism as the highly repetitive Y—190 sequences 
would have been detected even if only 1% of 46XY 
cells had been present. 

The other three probes gave the same results; this 
confirmed the above findings (results not shown). 


Discussion 


Most cases of true hermaphroditism are sporadic but 
there have been a few reports of familial herma- 
phroditism.° © As in our patients, some of these 
cases have been characterised by the presence of 
bilateral ovotestes, absent Mullerian derivatives, 
and 46XX karyotypes. In theory, sex chromosome 
mosaics or chimeras, translocations of part of the Y 
chromosome to the X chromosome or an autosome, 
or an autosomal gene mutation could all lead to 
hermaphroditism. Mosaicism and chimerism are 
unlikely in our cases, however, because of the 
familial nature of the condition, the absence of 
cytogenetic evidence of a 46XY cell line in the 
gonadal fibroblast cultures, and the inability of the 
DNA probes to detect a 46XY cell line in peripheral 
lymphocytes. A DNA probe coding for a gonadal 
determining factor has recently been isolated.” The 
probe, 27a, used here is extremely close to gonadal 
determining factor on the Y chromosome, and 
therefore a translocation of gonadal determining 
factor is unlikely in view of our inability to detect 
any 27a fragments. 

A gene mutation on an autosome or X chromo- 
some is a much more likely explanation for our 
patients’ familial hermaphroditism. Such a mutation 
could result in differentiation of a testis or ovotestis 
in a subject with a 46XX karyotype and in the 
absence of a Y chromosome. In the female hetero- 
zygous state the mutation would be insufficient to 
induce the indifferent gonad to become a testis but 
in the homozygous state ovotestes or a testis could 
differentiate. As there is a sequence closely related 
to gonadal determining factor on the X chromosome? 
models have been suggested in which gonadal 
differentiation is determined by the dosage of 
factors from the X and Y chromosomes.’ Unusual 
families such as these will provide the material to 
test such hypotheses. 


We wish to thank Dr Paul Goodfellow for help with the 27a probe, 
Drs Sam Latt and Ulrich Muller for providing Y-190, and 
Professor MA Ferguson-Smith for providing GMGY7. SM and 
MER were supported by a Special Medical Development grant 
from the DHSS. 
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SUMMARY A mother and daughter were the sole 
survivors of a house fire. Support, maintenance of 
the parent-child relationship, and monitoring and 
facilitating the grieving process in a way that was 
consistent with the developmental stages of the 
patients were the basis of management. 





Case report 


Four members of an Asian family of six died in a 
fire, started by a gas heater while they slept. They 
were the father, two daughters aged 11 and 2, and a 
son aged 9. The mother and 7 year old daughter 
were admitted to the intensive care unit of the 
district general hospital. They were both suffering 
from extensive heat and inhalation injuries, and 
required ventilatory support—the mother for 
several hours, and the daughter for several days, 
during which she was sedated and paralysed. 
The mother spoke little English, and so most 
communication was through her local authority 
social worker who spoke her language. Visitors told 
the mother that the other members of her family 
were in another hospital. Three days later she was 
told of their deaths. She seemed numbed, shed few 
tears, and asked no questions. Five days after the 
fire, the daughter had still not been told what had 
happened. She played quietly with nursing staff and 
often seemed frightened, but asked no questions 
about her burns, her presence in hospital, or the 
whereabouts of her father, brother, and sisters. She 
avoided contact with her mother. The mother’s 


father was unable to be with her for another week. 
Physically, mother and daughter were well enough 
to be transferred from the intensive care unit. 


Psychological aspects of further management 


Because we thought that a multidisciplinary team 
approach would be the best way to help the patients, 
the paediatrician (GS), child psychiatrist (TJ), social 
worker, and nursing staff met regularly. These 
meetings helped us to acknowledge our feelings of 
hopelessness and our own memories of loss. We 
were then more able to separate these from our 
thinking about the needs of this mother and 
daughter. 

We wished to support the relationship between 
the mother and daughter, so we ensured that when 
they were transferred they went to adjacent wards 
so that they could spend as much time as possible 
together. We also attempted to support their rela- 
tionship by encouraging the mother in her role as a 
parent. There were aspects of hospital routine which 
made this difficult. The authority of a mother and 
the authority of hospital staff sit together somewhat 
uneasily, particularly when both the mother and her 
daughter are inpatients. In this case the mother’s 
authority was undermined when the staff, despite 
the reluctance of the mother (who was suffering her 
own psychological injury), told the daughter about 
the fire and the deaths. 

The daughter needed to know about the fire and 
deaths as soon as possible to end her uncertainty, to 
allow her to start grieving, and to avoid her hearing 
inaccurate accounts from other patients. It was 
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apparent that both mother and daughter were 
numbed by their experience in the fire, and that any: 
information given to them would have to be 
repeated, probably several times. We went to the 
mother’s cubicle in the intensive care unit. She 
seemed anxious and a little drowsy, her face 
extensively marked by superficial burns. She was 
reluctant to talk about the fire and the deaths. The 
daughter was brought into the cubicle. She seemed 
frightened and withdrawn. Her face too was covered 
by superficial burns. She withdrew when her mother 
tried to hold her. GS asked about their memories of 
the fire. The daughter listened intently, holding on 
to the nurse and saying nothing. Slowly and clearly 
he went through the details as far as they were 
known, asking further questions, all unanswered. 
Mother and daughter looked increasingly frightened 
and distressed. The daughter kept her distance from 
her mother. After several minutes the distress in the 
room became unbearable and the daughter was 
returned to her own bed. Members of the same 
small staff group discussed the fire again with them 
on subsequent days. 

Gradually their numbness was replaced, initially 
by disbelief and some anger (on the part of the 
mother), and then by tears. The mother talked 
about the fire and deaths with her daughter and the 
two of them became physically and emotionally 
closer. They talked about the dead family members, 
crving and reminiscing. They visited the burnt out 
shell of their house. The daughter worked through 
the tragedy in her drawings which included houses 
and symbolic representations of fire. This grief work 
was accomplished by the mother and daughter with 
the help of relatives and the local community. The 
contribution of GS and TJ in meetings with the 
family and with the multidisciplinary team was to 
provide further support and reassurance that the 
grief process was healthy and normal.'? Monitoring 
the progress of mother and daughter through the 


stages of shock, protest, and despair,” and noting 
the signs of recovery, TJ was able to confirm that 
more specialised help, as would be appropriate for 
pathological grief, was not necessary. GS, who was 
present at all these meetings, was able not only to 
add his own support and encouragement, but-also to 
model an acceptance of the understanding and 
knowledge brought by TJ. These meetings also 
showed that the staff were working as a team, which 
reduced the risk of some staff being seen as good 
and some as bad, a phenomenon that can lead to 
actual conflict and splitting within the staff group. 

Exploration of the daughter’s understanding of 
death and its consequences provided a set of words 
and concepts, the meaning of which was known to 
her, and to the staff talking to her. She soon began 
talking about her father being in heaven and made it 
clear that she knew he would not be returning. Staff 
were then able to talk with her about her feelings 
concerning her dead family. Some children who are 
not much younger than this girl may have a different 
understanding of death; they may believe it to be 
reversible. They may worry mostly about their 
separation from the dead loved one, or about their 
belief that they have killed them by wishing them 
dead in an angry moment. Exploring the belief 
systems and particular preoccupations of a child are 
prérequisites to being able to help them in grief. 
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SUMMARY A case of malrotation of the mid intes- 
tine with volvulus is reported in an infant in whom 
the clinical and radiclogical appearances were un- 
usual, and had led to a misdiagnosis of necrotising 
enterocolitis. If the correct diagnosis had been made 
earlier, operation might have saved the infant's life. 


Volvulus of the mid intestine is a life threatening 
complication of intestinal malrotation with a high 
risk of mortality; it is common in infants who 
present with symptoms of malrotation.! 7 


Case report 


A 1200 g infant girl, small for gestational age, was 
born at 36 weeks’ gestation. Apgar scores were 8 
and 9 at one and five minutes. The infant did well 
for the first 3 days of life, feeding was begun at 24 
hours of age, and was well tolerated. On the fourth 
day she developed bleody stools, abdominal disten- 
sion, and increasing gastric residues. The initial 
radiographs of the abdomen showed elongated 
distended loops of bewel throughout the abdomen 
wita pneumatosis cystoides intestinalis in the left 
upper quadrant. which were thought to indicate 
necrotising enterocolitis. Two later sets of radio- 
graphs also showed gaseous distension of the stomach 
anc proximal duodenum that was unchanged over 
one day; the importance of the duodenal distension 
was not appreciated. The patients clinical state 
worsened. and the intestine perforated. with evi- 
dence of pneumoperitoneum (fig). The dilatation of 
the duodenum was finally recognised and the 
diagnosis of probable volvulus of the mid intestine 
was made. At operation malrotation with volvulus 
of the mid intestine was found, with necrosis of most 
of the ileum and right and transverse colon. The 
infent died shortly afterwards. 


Discussion 
During normal embryological development the 


proximal duodenojejunal loop and the caecocolic 
loop independently complete counter clockwise 270° 





Figure 


Antertoposterior view of abdomen showing 
duodenum dilated out of proportion to remaining bowel. 
There is pneumaéosis cystoides intestinalis in left upper 
quadrant (white arrow). Paeumoperitoneum has developed 
secondary to bowel perforation (black arrow on falciform 
ligament outlined by air). 


rotations along the axis of the superior mesenteric 
artery. During this time the mesentery of the mid 
intestine acquires a wide base that extends from the 
ligament of Treitz to the caecocolic Junction and is 
protected from volvulus and strangulation. Intestinal 
malrotation is a term referring to a wide range of 
embryological failures of rotation and fixation of the 
intestine that result in the mesentery having a 
narrower base than normal. Abnormal peritoneal 
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bands representing indirect attempts at fixation 
cross the duodenum and are a source of obstruction. 

Radiological diagnosis of malrotation depends on 
the identification of the abnormal position of the 
duodenojejunal junction. This junction should lie to 
the left of the spine and should reach a height that 
approximates to the junction of the first and second 
parts of duodenum.? 

Though not all patients with malrotation have 
symptoms, those presenting with intestinal obstruc- 
tion usually do so in the first three months of life. 
Younger infants who present in this way are at a 
higher risk of volvulus and bowel necrosis than 
patients who present when they are older.! 7 

Once volvulus has occurred, the sudden onset of 
bilious vomiting is an almost constant finding. 
regardless of age. Before vascular compromise has 
occurred the clinical examination may be mislead- 
ing, as the abdomen may be soft and non-tender 
between episodes of pain. As vascular compromise 
develops, abdominal distension, tenderness, bloody 
stools, and eventually hypovolaemia and shock 
develop. * 

The pattern of abdominal bowel gas in volvulus of 
the mid intestine is variable and can be misleading. 
Mucosal ischaemia can lead to the development of 
pneumatosis cystoides intestinalis, as in the case 
presented here. This event, however. is rarely 
reported. In our review of published reports (includ- 
ing 382 cases of volvulus! * 4 >) only three such cases 
are mentioned.” + ° This gas pattern can be particu- 
larly confusing in a premature infant. in whom 
necrotising enterocolitis is the most common cause 
of pneumatosis cystoides intestinalis. The present 
case, and the three previously reported. illustrate 
this problem. 

Proximal duodenal obstruction is a common 
finding with volvulus of the mid intestine, and the 
amount of gas distal to the obstruction (though 
usually reduced) may be variable.! 7° Dispropor- 


tionate duodenal dilatation, however, is not seen in 
straightforward necrotising enterocolitis. In our 
review of 96 films from 26 infants with uncomphi- 
cated necrotising enterocolitis, no duodenal dilata- 
tion was seen. Our patient's clinical signs of abdo- 
minal distention, non-bilious gastric residues and 
bloody stools—and the additional finding of 
pneumatosis cystoides intestinalis on abdominal 
radiograph—suggested a diagnosis of necrotising 
enterocolitis. It was the disproportionate amount of 
duodenal dilatation that finally suggested the diag- 
nosis of malrotation. 


Conclusion 


Bowel necrosis caused by malrotation with volvulus 
of the mid intestine may mimic ischaemic bowel 
disease such as necrotising enterocolitis. Persistent 
distension of the proximal duodenum should suggest 
the correct diagnosis and lead to early contrast 
examination and surgical correction. 
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SUMMARY An 8 year old girl with ocular myasthenia 
gravis was treated with high dose intravenous 
immunoglobulin and high dose intravenous methyl- 
prednisolone. Ocular symptoms recurred seven 
months after the start of the immunoglobulin. She 
has been in remission for more than 12 months after 
two courses of intravenous methylprednisolone, and 
administration of oral prednisolone was discon- 
tinued. 





Recently, high dose intravenous immunoglobulin 
and high dose intravenous methylprednisolone have 
been reported to improve the symptoms of general- 
ised myasthenia gravis.! 7, We have treated a patient 
with ocular myasthenia gravis refractory to several 
anticholinesterase compounds and oral predniso- 
lone with pulses of intravenous immunoglobulin and 
methylprednisolone. 


Case report 


A girl (born in May 1977) started to have ptosis of 
the right eye at the age of 1-5 years. Clinical 
examination and tests confirmed ocular myasthenia 
gravis without thymoma and she was treated with 
anticholinesterase compounds. At the age of 3-5 
years ptosis and diplopia worsened and predniso- 
lone 20 mg was given on alternate days along with 
pyridostigmine bromide 90 mg/day and distigmine 
bromide 5 mg/day. The ocular symptoms were 
inversely correlated with the doses of prednisolone 
and she alternated between transient relief and 
aggravation of her symptoms. Treatment with anti- 
cholinesterase compounds was unsatisfactory. 

At the age of 5 years ptosis and diplopia worsened 
during reduction of prednisolone dose (figure A). 
The dose of ambenonium chloride was gradually 
increased and administration of pyridostigmine bro- 
mide and distigmine bromide was discontinued. 
Treatment with ambenonium bromide was unsatis- 
factory and administration of prednisolone 20 mg on 
alternate days was again started. 

At the age of 8-4 years she had a prolonged 
relapse and prednisolone dose was increased to 30 
mg on alternate days without improvement of 
symptoms. Oral prednisolone 55 mg (2 mg/kg) was 


given on alternate days for four months, but 
paralysis of the extraocular muscles and ptosis of the 
both eyes did not improve. Because of the unfavour- 
able effects of prednisolone she was treated with 
high dose intravenous immunoglobulin (figure B). 
The daily dose of anticholinesterase compounds and 
prednisolone was kept constant before and during 
initial immunoglobulin treatment. Improvement of 
the ocular symptoms began on day 4 after the start 
of immunoglobulin treatment and all the symptoms 
disappeared within 14 days. The treatment was 
followed by a booster infusion given every two- 
weeks plus oral administration of prednisolone and 
pytidostigmine. The dose of oral prednisolone was 
gradually reduced to 10 mg on alternate days. 
However, ocular symptoms recurred seven months 
after the start of treatment with intravenous im- 
munoglobulin. The booster infusion of intravenous 
immunoglobulin was repeated five times every two 
or three days. An improvement of the symptoms 
was not remarkable and intravenous immunoglobu- 
lin treatment was discontinued in February 1987. 
Doses of prednisolone and pyridostigmine were 
increased, but ocular symptoms did not improve. 

In July 1987 she was treated with intravenous 
methylprednisolone because she had been treated 
with oral prednisolone for a long period and oral 
prednisolone 55 mg on alternate days did not lead to 
a satisfactory improvement. The improvement of 
the ocular symptoms was not remarkable after the 
initial intravenous methylprednisolone and a second 
course was administered. The ptosis and paralysis 
of the both eyes improved within the next 14 days. 
During her remission the daily dose of anti- 
cholinesterase medication was gradually increased 
and the dose of oral prednisolone was reduced. In 
January 1988 paralysis of downward movement of 
the right eye was noted, but the symptom was 
minimal and rapidly subsided with increasing the 
dose of pyridostigmine. This may indicate that the 
patient became responsive to pyridostigmine after 
treatment with intravenous methylprednisolone. In 
June 1988 administration of oral prednisolone was 
discontinued. In October 1988 she was in remission 
and she is now receiving pyridostigmine 130 mg/day. 
The antiacetylcholine receptor antibodies have 
occasionally increased but this increase has not been 
correlated with the clinical symptoms. 


1192 Archives of Disease in Childhood, 1989, 64 











1985 1986 














June July Aug Sept ,Oct Nov Dec [Jan jFeb Mar Apr 


Figure Chronological summary of 
clinical course before (A) and after 
(B) administration of 
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We have treated a patient with ocular myasthenia 
gravis with five day immunoglobulin treatment 
followed by boosters every two weeks plus high dose 
intravenous methylprednisolone. As shown in the 
figure, both immunoglobulin and methylpredniso- 
lone were effective in ameliorating the ptosis and 
paralysis of the extraocular muscles, and probably in 
maintaining a remission for a long period. Because 
she had no episode of spontaneous remission during 
her illness, it was unlikely that the improvement of 
the symptoms by immunoglobulin and methylpred- 
nisolone was coincidental. The initial intravenous 
immunoglobulin treatment showed more rapid 
onset of clinical improvement compared with treat- 
ment with intravenous methylprednisolone. Ocular 


symptoms recurred seven months after, the start of 
intravenous immunoglobulin, however, despite the 
booster infusions. Treatment with intravenous 
methylprednisolone followed by increasing the dose 
of pyridostigmine maintained her remission for 
more than 12 months and administration of predni- 
solone could be discontinued. Thus the efficacy of 
intravenous methylprednisolone seemed to be 
superior to that of intravenous immunoglobulin in 
our patient. 

Both immunoglobulin and methylprednisolone 
are rather radical treatments for ocular myasthenia. 
Our patient had been treated with a considerable 
dose of oral prednisolone for along period. Although 
long term corticosteroid treatment is effective in 
myasthenia gravis refractory to anticholinesterase 
compounds, side effects in children including short 


stature, Cushingoid appearance, hypertension, and 
osteoporosis are common, and attempts should be 
made to reduce the dose of oral prednisolone. 
Therefore, intravenous immunoglobulin and in- 
travenous methylprednisolone may be useful when 
patients are restricted in daily activities despite 
prolonged administration of corticosteroids and 
anticholinesterase compounds. 

In patients with generalised myasthenia gravis 
thymectomy has become increasingly recommended 
and this may be indicated in patients with refractory 
ocular myasthenia gravis. Patients with ocular myas- 
thenia gravis do not usually require thymectomy, 
however, and there is no consensus that children 
with ocular myasthenia gravis refractory to corticos- 
teroids and anticholinesterase medication should 
have a thymectomy.? 
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Controversy 


Wheezy bronchitis revisited 


N M WILSON 


Royal Postgraduate Medical School, Hammersmith Hospital, London 


The description of wheezing illness in preschool 
children has always been confused. Terms such as 
wheezy bronchitis, wheeze associated respiratory 
illness, and asthmatoid bronchitis have been used in 
the past to describe episodic wheeze in infants and 
young children. These terms arose because it was 
felt by paediatricians that episodic wheeze in this 
age group had a more benign prognosis than asthma 
of older children. More recently, the use of the term 
asthma has been advocated to describe all wheezing 
illness in children, allowing no distinction between 
virus induced wheeze and other varieties of 
asthma.! ? 

The reason for this is twofold. Firstly, in a cohort 
study of Australian children,’ those who were said 
to wheeze only in relation to viral infections (labelled 
wheezy bronchitis) and those who were said to have 
asthma because of additional precipitating factors, 
both differed from the control population in terms 
of several atopic markers. As both wheezing groups 
also shared several clinical features, it was concluded 
that they arose from the same population and that 
the only difference between them was severity. 
Another factor that led to the abandonment of 
terms such as wheezy bronchitis was the clear 
demonstration that asthma was both underdiagnosed 
and inappropriately treated. * The use of terms 
such as wheezy bronchitis was in part held to be 
responsible.? * Therefore, in recent years patterns 
of wheeze and their relationship to viral infections 
have seldom been defined, in either epidemiological 
or therapeutic studies. This practice has resulted in a 
loss of pathophysiological precision which may have 
implications that are not purely academic. 

In the current issue of this journal, Clifford et al 
reporting their survey of children of 7 and 11 
years,--? return to the possibility that in some, 
recurrent respiratory symptoms could be related not 
to atopy but viral infections.” Unfortunately, despite 
their aim of exploring the inter-relationship of re- 
spiratory symptoms in children, they omitted to ask 
about the association of symptoms and viral 
infections. 


In this article the justification for, and the implica- 
tions of, classifying the syndrome of asthma in terms 
of clinical patterns and the response to viral infec- 
tions will be presented. For want of a better term 
and for brevity, ‘wheezy bronchitis’ will be used 
to mean wheeze triggered by a viral infection, 
although it is acknowledged that this may not 
involve a bronchitic element. ‘Asthma’ will denote 
reversible wheezing precipitated by a number of 
other factors in addition to viral infections. 


The natural history of asthma 


Does the natural history of wheezing disorders in 
childhood provide evidence that such illnesses 
should all be labelled asthma without qualification? 
The pattern of wheeze in childhood, broadly 
speaking, can be divided into acute episodes and 
milder chronic symptoms. 

Acute episodes, particularly in younger children, 
are generally considered to be induced by virus 
infections as they are often associated with fever and 
thinitis. Viruses have been isolated in up to 42% of 
acute wheezing episodes. Technical difficulties in 
viral isolation are likely to account for most of the 
negative results, as in one general practice survey 
the viral isolation rate was the same (26%) in 
wheezy bronchitis as in children with overt colds.’ 
Typically, these acute attacks are recurrent but the 
frequency may vary from a single episode to 
Tepeated attacks every few weeks. There are often 
long symptom free periods between the acute 
episodes.! The attacks tend to decrease with age 
both in number and severity. 

On the other hand, chronic symptoms charac- 
terised by cough and wheeze particularly at night or 
on exercise, unrelated to viral infections, tend to 
increase with age from about the age of 3 years, 
although they can begin earlier, and in most child- 
ren symptoms have declined by puberty. These two 
patterns could be explained in a single population of 
children by frequent viral infections leading to acute 
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attacks in younger children, with an IgE res onse to 
aero-allergens, which increases with age,” being 
responsible for ‘allergic’ asthma typical of older 
children. But most infants with episodic wheeze stop 
wheezing in early childhood,! '* and the pre- 
valence of episodic wheeze has been estimated as 
being at least three times that of more persistent 
symptoms.!? This could suggest that there are two 
populations of wheezers. Williams and McNichol, 

in their influential study of a population cohort of 
children, were unable to show any subgroups of 
wheezers when children were assessed between the 
ages of 7 and 10 years.! There are, however, 
possible explanations for their conclusions which are 
relevant to the whole debate. 

.. Firstly, children with atopic asthma may also 
wheeze with viral infections. Secondly, children with 
wheezy bronchitis may experience nocturnal, 
emotional, and exercise induced symptoms, but by 
definition, only in association with viral infections. 
This could result in a failure to recognise that the 
precipitating factor was a viral infection. Thirdly, 
the children in this cohort were first seen at 7 years, 
an age by which many would have ceased to have 
episodes of wheezy bronchitis. 1 

Subsequent epidemiological studies have often 
failed to explore the relationship of wheezing to 
viral infections,~’ |! * and some have attempted 
to explain away findings which have suggested a 
subpopulation of children with wheezy bronchitis. "4 

The papers by Clifford et al in the current issue 
have, at first sight, a bearing on the subject. They 
found that more 11 year olds were atopic but ex- 
perienced less cough and non-atopic wheeze than 7 
year olds. It is tempting to interpret these findings as 
evidence for a decline in wheezy bronchitis with age. 
It must be remembered, however, that Clifford et al 
compared cross sectional data at two ages and 
inferred age related changes. As the two popula- 
tions are not necessarily comparable and there are 
indications that secular changes in the diagnosis or 
prevalence of asthma have occurred during this 
period,» their conclusions are not necessarily valid. 
They also showed an apparent decline in the cumu- 
lative prevalence of wheeze between 7 and 11 years 
in boys, again raising concern about the essentially 
cross sectional nature of the data. Nevertheless, 
their data are compatible with the existence in 
younger children of a subset with non-atopic 
asthma. 

There is therefore some epidemiological evidence 
that wheezy bronchitis represents a definite subset 
of wheezing disease, as most children with episodic 
symptoms cease wheezing in early childhood and do 
not develop asthma. The two categories are not 
exclusive, however, as a proportion of children who 
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have wheezy bronchitis in infancy will develop 
asthma as they grow older. 


Bronchiolitis, wheezy bronchitis, and the 
development of asthma 


Despite disfavour with the term wheezy bronchitis, 
clinicians have been reluctant to apply the term 
asthma to wheezing illness in children under 2 years. 
The lack of another acceptable diagnosis has led to a 
rather loose use of the term bronchiolitis to describe 
a range of disorders from a proved infection with 
respiratory syncytial virus in infants under 6 months 
to any wheezing condition in children under 2 
years.!6 Bronchiolitis has characteristic features in 
severely affected young infants but in many cases it 
merges imperceptibly into wheezy bronchitis.” No 
rigid criteria have been established to separate the 
two conditions for epidemiological purposes. 
Respiratory syncytial virus infection cannot be con- 
sidered the distinguishing feature as although most 
cases of bronchiolitis are due to respiratory syncytial 
virus infection, most respiratory syncytial virus 
infections do not result in bronchiolitis.! 

The association between recurrent wheeze and 
bronchiolitis has often been described,8 !9 but 
despite numerous follow up studies the association 
between bronchiolitis and atopic asthma remains 
controversial.'* Many children with atopic asthma 
experience wheezy bronchitis as infants so it could 
be said that the inexact criteria used to make the 
original diagnosis of bronchiolitis in follow up 
studies could have led to a spurious association 
between bronchiolitis and atopy. So what is the 
nature of recurrent post bronchiolitic wheezing? 
Unfortunately the pattern of wheezing after bron- 
chiolitis has seldom been described in detail. Pullan 
and Hey found that the excess wheeze after hospital 
admission for bronchiolitis occurred in the first 4 
years of life and was associated with little increase in 
atopy, and only marginal increase in bronchial 
responsiveness when assessed at the age of 10 
years. ? They suggest that ‘a history of respiratory 
syncytial virus lower respiratory tract infection in 
infancy is associated with an excess of wheezy bron- 
chitis but no increase in asthma’. This conclusion 
was then dismissed as the authors did not believe 
that it was valid to make a distinction between 
wheezy bronchitis and asthma. In a subsequent 
discussion of this study Pullan’s summary of post 
bronchiolitic wheezing fits well with the present 
definition of wheezy bronchitis.” 

It would seem logical therefore to consider that 
wheezy bronchitis and post bronchiolitic wheezing 
are part of the same clinical condition, namely that 
of a particular susceptibility to wheeze in association 
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with viral infections. Bronchiolitis could merely be 
an early manifestation of this tendency. In order to 
show that bronchiolitis plays a causal role in either 
wheezy bronchitis or asthma it Would be necessary 
to show that these conditions..are increased in 
population cohorts of older children who were aged 
under 6 months during epidemics of respiratory 
syncytial virus. There is as yet no direct evidence 
that airway inflammation due to early viral infec- 
tions leads to a predisposition to atopy in man, 
although observations from in vitro and animal 
studies suggest that there could be a causal link.” 


Atopy, increased bronchial responsiveness, and 
wheezy bronchitis 


Atopy and increased bronchial responsiveness are 
the two markers often found to be associated with 
asthma in the childhood population. Neither the 
possession of atopy nor bronchial hyper-responsive- 
ness alone can explain the predisposition to wheeze, 
as both are found in significant numbers of children 
who have never had a lower respiratory illness.” ” 

The hypothesis presented here is that there are 
three independent variables—viral responsiveness 
(an increased susceptibility to symptomatic viral 
infections), bronchial responsiveness, and atopic 
hypersensitivity—which determine the predisposi- 
tion to wheeze in childhood (figure). In different 
combinations these interact to give rise to different 
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Figure Representation of the hypothetical interaction of 
three factors that results in wheezing disorders in children. 
A dynamic inter-relationship exists between the three factors 
and the expression of each may vary with age and be 
modified by other host and environmental conditions. 
WB=wheezy bronchitis, AA=atopic asthma, A=asthma 
precipitated by both viruses and allergens. 


wheezing syndromes. The presence of viral respon- 
siveness and increased bronchial responsiveness 
leads to the condition of wheezy bronchitis; the 
association of atopy and increased bronchial 
responsiveness result in allergic asthma—for 
example, pollen asthma. If all three are present in 
the same individual then the syndrome of acute viral 
exacerbations on the background of chronic asthma 
occurs. This concept of course must be an over 
simplification as there is likely to be a dynamic inter- 
play between these factors, for example between 
allergen exposure, atopy, and the degree of bron- 
chial responsiveness.” Possibly recurrent viral 
infections can alter the level of bronchial responsive- 
ness and enhance IgE sensitisation.” The pattern of 
clinical symptoms in an individual would depend on 
the expression of each factor at a given time. This in 
turn could vary with age, allergen load, environ- 
mental conditions, and level of viral immunity. 

So if wheezy bronchitis is to be considered as a 
separate entity, it must be shown that a subgroup of 
children wheeze only in response to viral infections 
who have little or no atopy compared with children 
with asthma of the same age. Australian’ and 
British” studies have compared the prevalence of 
atopy in wheezy bronchitis and asthma. In both the 
skin test positivity rate in those with wheezy bron- 
chitis was intermediate between non-wheezing 
children and those with asthma. In both studies 
classification took place rather young for all poten- 
tial cases of childhood asthma to be clinically identi- 
fied. In addition, the full potential of the wheezy 
bronchitis group to have become atopic with in- 
creasing age was not assessed in the British study.” 
The Australian cohort was reassessed at 14 years,” 
but by this time the method of classification had 
changed and a retrospective review of those with 
wheezy bronchitis was not possible. Almost all 
children in the cohort who had ever wheezed, 
however, were said to have at least one laboratory 
indicator of allergy but these included eosinophilia 
and total serum IgE for which a discriminant value 
with which to distinguish asthma from asymptomatic 
controls could not be found. In many children the 
detection of atopy occurred many years after 
wheezing ceased. Persistent more severe asthma was 
said to be associated with allergic manifestations at a 
younger age. 

The limited data so far available are compatible 
with the theory that those described as having 
wheezy bronchitis on clinical grounds have less 
atopy, or develop evidence for it later, than those 
diagnosed as asthmatic. Distinction between the 
groups must be made retrospectively in older 
children as laboratory detection of specific IgE 
precedes atopic symptoms.’ Atopic symptoms 


generally increase with age throughout childhood 
but wheezy bronchitis is characteristically a condi- 
tion of yonger children. 

Recent studies have shown that bronchial respon- 
siveness is increased in most atopic children with 
asthma,’ and this results in symptoms after 
exposure to a number of agents. However, the 
association between wheezy bronchitis and bron- 
chial responsiveness is not clear. Clinical observa- 
tions suggest that many children experience exercise 
induced symptoms during attacks of wheezy bron- 
chitis but not between acute episodes. Young child- 
ren with recent symptoms of wheezy bronchitis had 
increased exercise lability.” In a comparative study 
Horn and Gregg found the number of children with 
wheezy bronchitis who had exercise induced bron- 
choconstriction (16%) to be far less than those with 
asthma (76% ) but greater than controls (0%).”” The 
results of retrospective studies of older children with 
a history of viral respiratory illness in infancy have 
varied with some finding increased bronchial 
responsiveness, which was independent of a family 
or personal history of atopy, even in those who were 
asymptomatic. This has not been confirmed by 
others.” 

Even though the children were as old as 7 and 11 
years, the findings of Clifford et al^” to some extent 
support the hypothesis that the interaction of three 
factors determines the clinical pattern of wheeze 
(figure). They describe two subgroups of children; 
one was ‘a discrete entity’ characterised by wheeze, 
which was strongly related to atopy and increased 
bronchial responsiveness.’ Wheeze was unrelated to 
atopy in the absence of bronchial responsiveness 
and vice versa. In non-atopic children wheeze was 
independent of bronchial responsiveness, although 
there was a tendency for respiratory symptoms in 
general to be related to bronchial responsiveness. 
The authors themselves conclude that their findings 
could indicate a difference between atopic wheezers 
and those whose respiratory symptoms are related 
to viral infections, in whom bronchial responsiveness 
might be variable. Cough without wheeze could be 
an indicator of viral responsiveness in the absence of 
bronchial hyper-responsiveness. 

It is likely that in some children the level of 
bronchial responsiveness varies, increasing during 
symptomatic periods. Until prospective studies in an 
infant population are performed it will not be known 
for certain whether a degree of bronchial hyper- 
responsiveness is a prerequisite for the development 
of wheezy bronchitis or asthma. Neither is it clear 
whether the exercise lability noted in some young 
children with wheezy bronchitis is a predictor of 
later asthma as follow up studies have not been 
reported. 
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Is there any evidence from family studies of a 
genetic basis to the predisposition to wheeze in 
association with viral infections, which could lend 
support to this as a clinical entity? The evidence 
should be sought by comparing the family histories 
of those who wheeze only with viral infections, with 
families of those who never wheeze with viruses 
(which would exclude many asthmatics). Previous 
comparisons between the families of those with 
wheezy bronchitis and asthma have been confusing 
in this respect. For example, in the family study of 
König and Godfrey wheezy bronchitis was defined 
simply as recurrent wheeze occurring under 4 years 
of age.” In the study of Sibbald et al, the wheezy 
bronchitis children were younger than the asthma 
group and some might have later developed 
asthma.” It is likely that many of their asthma 
group also wheezed with viruses. Not surprisingly, 
they failed to show wheezy bronchitis as a separately 
inherited entity. They did, however, find that the 
prevalence of wheezy bronchitis was higher in the 
relatives of non-atopic wheezers from either group 
than in the relatives of atopic children. They there- 
fore suggested that ‘the reduced predisposition to 
asthma of many wheezy bronchitis children may 
result from their failure to inherit a predisposition to 
atopy’. This observation is compatible with the 
finding of Clifford et alf 7 and the hypothesis that a 
predisposition to develop wheezy bronchitis exists 
and if atopy is additionally present, asthma may 
develop. The common link could be bronchial 
hyper-responsiveness which may be lost or reduced 
in the absence of atopy as the child grows older. 

Ronchetti et al suggested that children who 
wheezed under 5 years of age could be different- 
iated from those who wheezed over 5 years in terms 
of their adenosine deaminase phenotype.*! From 
this age related data it was inferred that genotype 
2:1 adenosine deaminase was normally represented 
in virus induced wheezers but was rare among older 
asthmatic children. It would be interesting to review 
the correlation between clinical features and 
adenosine deaminase phenotype using stricter 
clinical definitions. 

The familial basis of a predisposition to wheeze 
with viral infections has not been adequately studied 
but available evidence is compatible with the pro- 
position that it could be genetic. 


Implications 
EPIDEMIOLOGY 


Does it matter whether wheezy bronchitis is 
accepted as a separate manifestation of asthma? By 
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avoiding the term, we have been left with some 
inconclusive answers to important clinical questions. 
Without separating virus induced wheeze from other 
causes of asthma, exacerbating factors that may act 
on one and not the other could be missed. For 
example, environmental factors such as parental 
smoking may influence wheezy bronchitis and not 
asthma.*? Similarly, it is possible that changes in 
environmental pollution or weather patterns could 
affect the prevalence of virus infections and the 
distribution of aeroallergens differently and this 
cauld be responsible for the dramatic increase in 
admission for acute wheeze, * unassociated with 
an increase in prevalence of asthma in older 
children.” 

Reluctance to identify the association of wheeze 
with viral infection is surprising in view of the 
renewed interest in the association between the 
development of atopy and viral infections. Possible 
mechanisms for virus induced wheeze have recently 
been well reviewed,” %35 and several different 
host or environmental factors could be responsible 
for the development of wheezy bronchitis including 
an IgE response to viral antigens.”! 


THERAPEUTIC 

There is little doubt that wheezing at any age 
should be treated with adequate doses of bron- 
chodilators and not antibiotics, with additional 
corticosteroids if the wheezing is severe. Contro- 
versy still remains in two important clinical areas. 
Firstly treatment is least satisfactory in those under 
18 months old and this is the age group at greatest 
risk of viral infections. 

The other controversy concerns the efficacy of 
prophylaxis for recurrent acute episodes associated 
with viral infections in preschool children. Personal 
observation suggests that in contrast to older 
children, this age group responds poorly. There 
have been suggestions that chronic but not acute 
symptoms respond to cromoglycate and nebulised 
beclomethasone,» 7” so the reason for the disap- 
pointing results of prophylactic treatment in asthma 
trials in the preschool age group could be related to 
the failure to separate acute from chronic symp- 
toms. Unless clinical trials start to consider the 
therapeutic efficacy on different patterns of 
symptoms separately, treatment of asthma in this 
age group will not be rationalised. Treatment 
for acute wheeze remains a problem, as clearly 
shown by the increasing numbers who are admitted 
to hospital.'> 3 Moreover, unless the characteristic 
insidious change in the pattern of wheezing 
from the acute episodes of wheezy bronchitis to the 
more chronic nocturnal cough and exercise 
induced symptoms in children who develop asthma 


are emphasised, many children will go under- 
treated. 


Conclusion 


The rationale for the failure to identify virus induced 
711142232; 


wheeze in recent studies of asthma is 
questionable and needs re-evaluating. It does not 
seem very wise to extrapolate uncritically from a 
study of 7 year old Australian children to preschool 
asthmatics in the United Kingdom. From the limited 
data available, episodic wheezing occurring parti- 
cularly in younger children cannot be completely 
explained by atopy and bronchial hyper- 
responsiveness as in older children with asthma. 
There is clearly a need for careful, prospective 
studies. In particular, clinical subgroups of wheezy 
young children should be defined, host and environ- 
mental factors looked for, and therapeutic 
approaches assessed. Perhaps a more appropriate 
and less emotive term than wheezy bronchitis should 
be agreed upon..... VAW (virus-associated 
wheeze) or WAVE (wheeze-associated virus 
episode)?! 


I am grateful to Michael Silverman for helpful criticism of the 
manuscript and to the Asthma Research Council for financial 
support. 
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Personal practice 


Establishing a register of children with special needs 


A F COLVER AND A ROBINSON 


Beaconhill Children’s Centre, Cramlington, Northumberland 


The Court Report recommended that every health 
district should maintain a register of children with 
handicap.! These registers, however, rarely meet 
their stated objectives, cannot provide data readily, 
and even yield unlikely variations in incidence of 
conditions like Down’s syndrome and spina bifida.” 
The requirements of the 1981 Education Act and 
advances in desk top microcomputing have renewed 
interest in registers. O’Mahony et al reported their 
approach to setting up a register but they had only 
just started to record data, had not started to 
validate the data, and did not know whether the 
register was meeting its stated objectives.? 
Northumberland health district has maintained 
for three years a computerised register of children 
aged 0-16 years with long term special needs. We 
report the thinking behind this register, the practical 
implementation and validation of the register, and 
the uses to which it has been put. We hope that this 
will promote discussion and help other districts to 
maintain more accurate and useful registers. 


Thinking behind the register 


The objectives of our register are to: (a) improve the 
care of individual children; (b) improve the planning 
of services for children; and (c) improve oppor- 
tunities for research and epidemiology. 
Northumberland had kept a manual register for 
10 years but there was no clear policy about. which 
children should be registered. We decided that the 
criterion for registration would be that the child had 
some ‘long-term special need for multi-disciplinary 
help or review that can be better planned and 
performed by being recorded centrally. The need 
should arise at least in part from a physical, sensory 
or mental impairment or chronic illness’. In practice, 
most registrations are: (a) children with chronic 
illness; (b) children who are the subject of a 
‘Statement of Special Educational Need’; or (c) pre- 
school children who already need special educational 
provision or help from many professionals. 


The following children are not placed on our 
Tegister: 
(1) Children with congenital malformations. 
Congenital malformations are already recorded 
by the Office of Population Censuses and 
Surveys and most do not give rise to long term 
special needs. 
(2) Children ‘at risk of a condition’—for 
example, deafness, cerebral palsy, non-acct- 
dental injury. The ‘at risk concept’ has been 
` largely abandoned.’ If a health district retains it 
for a particular problem, names should be on a 
separate register with its own objectives and 
operational control. 
(3) Children with common mild chronic con- 
ditions such as asthma, eczema, glue ear, hay 
fever, long sight. If the condition, by its severity 
or complex interaction with family factors, 
creates a long term special need then the child 
should be registered because of this need not 
because of the diagnosis in itself. 
There are of course some children whom we are ` 
uncertain whether to register or not—for example, a 
child with a mild hemiplegia or a child who needs 
remedial reading help. Provided such grey areas are 
recognised, the validity of data about children who 
are always included or excluded is not affected. 
‘Diagnosis’ is not a logical system of classification 
for it may describe a disease, medical problem, 
impairment, or psychological circumstance. Never- 
theless the concept is very useful and we have 
developed a 100 category classification relevant to 
children with chronic problems. Each child may 
have up to six codes. For instance a child with 
Down’s syndrome may be coded as Down’s, fostered, 
complex heart disease, mental retardation, glue ear. 
The concepts of impairment, disability, and 
handicap are more logical and consistent but 
the World Health Organisation coding system is 
complex.° Moreover, it was not designed for children 
and does not take account of age or the effects of 
handicap on the family. We have recorded data 
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about impairment and disability as one research 
objective of the register. 


Implementation 


Northumberland health district has a population of 
290 000 and is by area the second largest health 
district in England and Wales. The 4000 files of the 
existing manual register were examined by the 
community paediatrician and, using the agreed 
criterion for registration, 1700 children’s names 
were placed on the new register. The data recorded 
about each child are shown in table 1. Coding by the 
paediatrician took about 100 hours and data entry 
by the clerical officer took about 90 hours. The time 
needed to add or remove children from the register 
and to keep up to date details of school, address, 
etc, is about 16 hours a year of medical time and 
40 hours a year of clerical time. 

The program is written in DBase 2 and runs on an 
Apricot PC/Xi computer. The cost in 1985 for 
computer, printer, and software was £3500. One of 
the authors wrote the program. Although it is useful 
if the same person has clinical and computer skills, it 
is not essential. It is essential, however, that the 
program is planned and tested by clinicians who 
work closely with the programmer. DBase 2 or 3 is a 
suitable data base because it allows data to be 
selected, changed, or analysed in any manner 
(maximum flexibility) but may be ‘menu driven’ for 
day to day running by clerical staff with no computer 
knowledge. 

The district receives information about children 
who may need to be registered from neonatal units, 
hospital discharge summaries, hospital outpatient 
letters, health visitors, and ‘the local education 


Table 1 Data recorded about each child 





Unique computer number 

Surname 

First name 

Address 

Date of birth 

Sex 

County district 

Family doctor 

School 

School doctor 

Free text description of child’s main diagnoses 
Coding of above diagnoses - 

Coding of impairment 

Coding of disability 

Medical provision—for example, paediatrician 
Educational provision—for example, preschool teacher 
Therapeutic provision—for example, physiotherapist 
Family provision—for example, attendance allowance 
Date of educational statement 





authority. To keep the register up to date, a list is 
sent every year to each school doctor to confirm or 
change the school which the child attends. Also, 
when an examination is undertaken for the 1981 
Education Act, the doctor completes a form for the 
computer. 


Validation of data 


Validity of data may be defined as ‘An expression of 
whether data actually represent what they purport 
to’. ‘Item validity’ is the accuracy of individual items 
such as date of birth, address. “Case validity’ is the 
extent to which the cases agree with an independent 
external set of cases.° We shall discuss our approach 
to establishing case validity. 

Children with mild impairments may not have 
been ascertained or may be judged too mild to 
warrant registration. Children with more severe 
impairments should always be registered, but how 
confident can a district be that it learns about all 
these children from hospital letters, requests from 
education departments, etc? Each district must 
establish the case validity of its register before it can 
be used for planning, research, or epidemiology. We 
have studied groups of children who should always 
be registered and for which there was already an 
independent register or for which it was easy to 
obtain an independentlist. Table 2 shows the numbers 
of children on the external and Northumberland 
registers, the overlap, and the total number of 
children. For more severe impairments our register 
is as, or more, comprehensive than external lists. 
For less severe impairments such as diabetes we are 
not so comprehensive. For impairments such as 
epilepsy we do not know the validity. 

For preschool children there are few independent 
data sets with which to compare a register. We 
suggest as a measure of validity the number of 
children, unknown to the register while preschool, 
who become the subject of an educational statement 
before age 6 years. During the last three years in 
Northumberland there have been only five such 
children, two with speech, two with learning, and 
one with behaviour problems. 

The comparisons to assess validity were made in 
1987. Since then validity has improved and the 
register is now known, for example, to include all 
children at special schools or the subject of an 
educational statement. 


Uses to which the register is put 
A register must ‘live’. The more it is used and the 


more this use is reported back to professional staff, 
the more accurate and comprehensive the register 
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Table? Comparisons of the Northumberland register with independent lists of children in certain groups 








Group of children External list No on No on No Total 
external list Northumberland overlapping 
register 

Duchenne muscular dystrophy Regional muscular dystrophy register 8 8 8 8 
Cerebral palsy births 1975-80 Regional cerebral palsy study 30 34 2 36 
Registered blind or partial sight Social services register 26 27 26 27 
Fitted with hearing aids North East audiology register 74 90 72 92 
Spina bifida North East spina bifida clinic 16 16 16 16 
Cancer under treatment Regional cancer register 33 26 26 33 
Severe mental retardation, 

age >5 years Education department 164 158 158 164 
Moderate mental retardation, 

age >5 years Education department 448 424 424 448 
Attending language unit Education department 16 1 16 16 
Children eligible to apply to 

Family Fund Family Fund register 128 202 126 204 
Diabetes mellitus Specialist diabetic nurse's list 60 37 46 68 








Table 3 Examples of uses to which the register is put 





Individual care 


The names of preschool children are brought up for review by the preschool panel for children with special needs. One function 
of this panel is to inform the education department of preschool children likely to have special educational needs. 
Preschool children with certain problems are notified to the community dental service. 

Information is sent to each school doctor about children with special needs in ordinary and special schools. 


Planning 


Information to the principal educational psychologist enabled him to apply successfully to the Department of Education and 
Science for funds for a ‘Portage scheme’.* 

Information to a specialist health visitor and social worker helped them assess the need for and subsequently introduce a 
parents’ support group for families with handicapped children. 

Information to the social services department helped them plan further developments in their respite care service for families 


with handicapped children. 


Information to the Spina Bifida Association enabled it to plan voluntary services in Northumberland. 


Research and epidemiology 


Evaluation of the health surveillance programme of preschool children in Northumberland requires regular details of children 
with congenital deafness. severe cerebral palsy. language delay. and mental retardation. 

A regional study of cerebral palsy received information about children with cerebral palsy. 

Three separate national studies of congenital rubella, autism and deaf-blind children received information about such children. 
The Family Fund in York compared its register with the Northumberland register and reported the proportion of children with 


severe handicap who applied to the fund. 


A working party of the British Paediatric Association received a report on the prevalence of disabling conditions in childhood 


in Northumberland. 





*The Portage scheme is a home visiting service for parents of children with special needs who are under 5 years of age. It 
encourages home based teaching of appropriate devclopmental skills. 


becomes. Reporting back also helps professional 
staff to understand how they might use the register 
for their own planning or projects. 

Table 3 gives examples, under each objective, of 
uses to which the register is put. Some are local and 
each district will have its own requirements. Others 
should occur in every health district. For example. 
every district should monitor its preschool screening 
programme and will require details of profoundly 
deaf children to do this. All districts must also 
ensure that the education department is informed 
early of preschool children likely te have special 
educational needs. 


Discussion 


Some district registers record more data about each 
child than we do. We have restricted our data 
because: 
(1) A small amount of accurate data which can 
be kept up to date is preferable to a larger 
amount of less accurate data. We also think it is 
not good clinical practice or use of resources to 
arrange regular examinations of children mainly 
to keep a large data set up to date. 
(2) Our register was up and running within six 
months and has data on children 0-16 years 
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with special needs. Districts which record more 
data will usually enter only new children as they 
present. It is therefore 10 to 15 years before the 
full benefit of the register is realised. 

(3) Large data sets tend to include more 


subjective information about unmet need and- 


the extent to which social factors contribute to a 
need. Subjective information is essential in 
clinical practice but is less useful for epi- 
demiology, research, or planning purposes. 

Why use a computer at all? Could not a manual 
system be just as good? For each individual task a 
manual system is good but when many tasks are 
performed on a regular basis, each task needs a 
separate subregister to be maintained or a separate 
manual search made of the main register. Further, 
any data or text for regular circulation need to be 
typed each time. Finally new requests for data for 
planning or research require lengthy manual search 
and analysis. We believe that it is these constraints 
on regular or unforeseen analysis and reporting that 
have made district registers so little used and thus so 
inaccurate. 

An important reason therefore for introducing a 
computerised system is to have readily available 
data. Facilities for this must therefore be available 
from the outset. Eventually the National Child 
Health Computing System may provide the flexibility 
needed for local input/output and analysis of data, 
but at present it does not. ‘As child care is primarily 
a local concern, the best computer option will 
usually be a small local system with sound operational 
control on a locally co-ordinated basis’.” Micro- 
computers are now as fast and advanced as necessary 
to run a register of children with special needs. 

We hope that districts will be encouraged to 
establish and use registers because they should be of 
immediate benefit to them. We also hope that 
districts will be encouraged to report and publish 
their developments to help us all to understand 
better the concepts of impairment, disability, and 


handicap and the practical difficulties of recording 
useful data about them. 


Conclusion 


Registers of children with special needs are held by 
health districts but little attention has been paid to 
their objectives, criteria for registration, or validity. 
The registers are therefore not used or trusted. Qur 
register has clear local objectives and operational 
control and has run for three years. The small 
amount of data recorded about each child is kept up 
to date and used to improve opportunities for 
individual care, service planning, research, and 
epidemiology. We have argued that a simple com- 
puterised database is more appropriate than either a 
manual system or a more complex computer system. 
The uses to which a register is put must be regularly 
reported to the staff who contribute data so that the 
relevance of the register is appreciated and its 
accuracy thereby maintained. 


References 


1 Committee on child health services. Fit for the future. London: 
HMSO, 1976. (Court report.) (Cmnd 6684.) 

2 Balarajan R, Weatherall JAC, Ashley JSA, et al. A survey of 
handicap registers for l children in England and Wales. 
Community Med 1982;4:315-24. 

3 O'Mahony MC, Allsop M, Heath C, et al. The r of 
children with special needs—an approach. Public Health 1987: 
101:9-15. 

* Richards IDG, Roberts CJ. The ‘at risk’ infant. Lancet 
1967 ;8:711. 

> World Health Organisation. International classification o; 
impairments, disabilities, and handicaps. Geen Wea 
Organization, 1980. 

é Stone H. A method for the validation of data in a register. 
Public Health 1986;10:316-24. 

7 Dodge JS. The use of microcomputers for child health services. 
In: Macfarlane JA, ed. Progress in child health. Vol 2. London: 
Churchill Livingstone, 1985. 


Correspondence to Dr AF Colver, Beaconhill Children’s Centre. 
163 Langdale Drive, Cramlington, Northumberland NE23 8EH. 


Archives of Disease in Childhood, 1989, 64, 1204—1206 


Current topic 


Lichen sclerosus 


J BERTH-JONES, R A C GRAHAM-BROWN, AND D A BURNS 
Department of Dermatology, Leicester Royal Infirmary f 


Lichen sclerosus, previously termed ‘lichen sclerosus 
et atrophicus’, is a uncommon disease that presents 
to a wide variety of medical disciplines. It is a cause 
of much distress, not only because of its symptoms, 
but also, increasingly, because of a potential to be 
misdiagnosed as sexual abuse. For those familiar 
with lichen sclerosus in childhood it is usually 
possible to make a firm clinical diagnosis. 

The incidence of lichen sclerosus is hard to 
estimate as patients present to different specialties. 
Mild cases may never come to receive medical 
attention, and others may remain misdiagnosed. 
The disease is much less common in children than in 
adults: in a series of 290 cases only 20 developed the 
disease below the age of 16.* We currently have 14 
girls aged 15 or under suffering from lichen sclerosus 
under our care in a dermatology unit serving a 
population of 866 000, but the incidence is probably 
higher than this figure would suggest. 

The well established association with organ specific 
autoimmune disease has resulted in lichen sclerosus 
-being regarded as an autoimmune phenomenon.” $ 
There may also be a genetic component as several 
familial cases and a pair of identical affected twins 
have been described.? 47 8 


Clinical features 


Onset may occur as early as 6 months of age. 
Lichen sclerosus occurs in both sexes but is generally 
held to be much less common in males. Although 
the major clinical problem with lichen sclerosus is in 
females, histological evidence of lichen sclerosus (in 
the male often termed balanitis xerotica obliterans) 
can frequently be found after circumcision for 
scarring phimosis.!° Lichen sclerosus should there- 
fore always be considered in any boy presenting with 
this condition. Circumcision is generally curative. 
Lichen sclerosus has a strong predilection for the 
anogenital region but may affect any area of the 
skin. 

In girls the most commonly seen pattern is 
involvement of both the vulva and perianal region, 


but the latter may be spared. When extragenital 
sites are affected there is usually anogenital disease 
also. 

The appearance of the vulva is usually diagnostic. 
There are characteristic shiny white papules and 
plaques, with a semitranslucent appearance likened 
to mother of pearl. The affected skin usually shows a 
tendency to fine wrinkling giving an appearance 
termed ‘cigarette paper skin’. In the more severe 
cases purpura, excoriation, blistering (usually 
haemorrhagic), telangiectasia, erosion, and bleeding 
may be present. When both the vulva and perianal 
region are affected the disease often takes on an 
‘hour glass’ or ‘figure of eight’ pattern. (see figure). 

Common presenting complaints are vulval sore- 
ness, pruritus, bleeding, and haemorrhagic blisters. 
Pain on defaecation and dysuria, often associated 
with crying and considerable distress on defaecation 
and micturition, are common symptoms in young 
patients.!! * The tendency to avoid micturition may 
cause nocturnal enuresis, nocturia, and appreciable 
sleep disturbance. Pain on defaecation may lead to 
severe constipation. Exudation and vaginal discharge 
may be -prominent features, particularly during 
episodes of superinfection. 

The severity of the disease varies widely. It may 
be virtually asymptomatic but in severe cases 
exacerbations develop in which the vulva becomes 
severely eroded, excoriated, and haemorrhagic. 
Dysuria and pain on defaecation can be troublesome 
and persistent. In its most severe form lichen 
sclerosus may lead to obliterative, atrophic scarring 
of the genitalia. 


Diagnosis 


There is usually little difficulty establishing the 
diagnosis of childhood lichen sclerosus on the basis 
of the clinical features described above. In our 
experience vulval biopsy is of no value and causes 
unnecessary discomfort to the patient. This is 
because the histology of lichen sclerosus, although 
characteristic, is often rather subtle, so that the 
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Typical figure ofeight pattern ofanogenital lichen 
sclerosus. 


Figure 


diagnosis may easily be missed unless already 
suspected clinically. The most common histological 
finding is a featureless band of oedematous hyalinised 
collagen in the upper dermis.'* There is often a 
lymphohistiocytic infiltrate in the deeper dermis 
particularly around skin appendages such as hair 
follicles. Rete pegs are short or absent. The epidermis 
is usually atrophic, and hyperkeratosis is sometimes 
present. These changes are often masked during 
exacerbations by acute inflammatory changes due to 
excoriation and superinfection. 

There are few conditions that can be confused 
clinically with lichen sclerosus in childhood. Lichen 
planus, although unusual. may occur at this age. but 
mucosal lesions are usually delicate, lace like, white 
striae. Lichen simplex chronicus (circumscribed 
neurodermatitis) is more pruritic in nature. and the 
lesions are poorly circumscribed areas of hyperkera- 
tosis and excoriation lacking the specific features of 
lichensclerosus. Leuceplakiais notseenin childhood. 
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Concern regarding sexual abuse 


As severe lichen sclerosus may cause excoriation. 
erosion. haemorrhage, blistering, or purpura of the 
vulva, it is perhaps not surprising that cases have 
been mistaken for sexual abuse. Several such cases 
have been reported,'™ and others have undoubtedly 
occurred. Wallace described such a case in 1970. 
well before the current increased awareness of 
sexual abuse.* 

It is well recognised that lichen sclerosus may 
develop at sites of trauma (that is, exhibit the 
isomorphic (Kébner) phenomenon).* '* It has alse 
been claimed that a child with lichen sclerosus is 
‘more likely to sustain injuries after abuse’.” Not- 
withstanding these observations, it must be stated 
that there is absolutely no evidence to support any 
link between lichen sclerosus and sexual abuse. 
Indeed, the chances of these two problems ocurring 
together would seem very remote indeed. 

Regrettably. we have found that concern regarding 
misdiagnosis of lichen sclerosus as sexual abuse is 
now perceived not only by doctors but also by 
parents of affected girls. In our experience this has 
often resulted in hesitation before seeking medical 
advice. 


Treatment 


There is no established specific treatment for lichen 
sclerosus. When the disease is mild or asymptomatic 
no treatment is required. Cases with mild pruritis 
and soreness benefit from the application of bland 
emollient creams such as E45 (Crookes Products), 
which are soothing. Mild topical steroids in com- 
bination with antibacterial and antifungal compounds 
(for example, Daktacort. Janssen: Terra-Cortril, 
Pfizer) also appear to be of value in speeding 
resolution of exacerbations and preventing and 
treating bacterial or candidal superinfection. Lactu- 
lose is often useful in cases associated with pain on 
defaecation, and more potent laxatives such as 
senna may be required during exacerbations. 

In severe cases. the use of potent topical steroid 
creams, for example 0-05% fluocinonide cream 
(Metosyn, Stuart), or 0-05% clobetasol propionate 
cream (Dermovate, Glaxo), is justified, applied 
twice daily for short periods of up to three weeks. 
The use of topical steroids in lichen sclerosus may be 
a source of concern, especially to non-dermatologists, 
in view of the risk of adding steroid induced atrophy 
to the atrophic scarring of the disease. In our 
experience, however, short courses of potent steroids 
produce considerable improvement. Furthermore, a 
recent study of seven adult cases treated with 
clobetasol propionate cream twice daily for 12 weeks 
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showed histological improvement in all subjects 
(KL Dalziel, PR Millard, FI Wojnarowska, personal 
communication). 


Prognosis 


The prognosis is somewhat uncertain, but appears 
considerably better than in adults, as resolution may 
occur at or before puberty. Ditkowski et al recorded 
complete remission in six of eight reported cases by 
the age of 14. Clark and Muller observed resolution, 
which was usually complete, in 12 of 24 cases of 
anogenital disease, but found no consistent temporal 
relation to the menarche.!! Wallace reported 
complete resolution of symptoms in 20 of 35 girls 
with anogenital lichen sclerosus at or before puberty, 
although there were later recurrences of symptoms 
in three of these cases.‘ Török et al reviewed 33 girls 
with lichen sclerosus.! They reported complete 
disappearance of symptoms in a quarter of their 
cases, within one year of follow up, and a further 
‘half of their patients were improved at one and a 
half years. More recently, however, Ridley stated 
that she had never seen a case spontaneously 
resolve.” We have never observed complete resolu- 
tion either, although many of our cases have 
improved to the point where they are asymptomatic. 
Extra-genital disease seems to carry the best prog- 
nosis.“ 7 Complete resolution in adults is rare, and 
probably confined to extragenital lesions.* In adult 
lichen sclerosus carcinoma may supervene,* and 
although this complication has not been reported in 
childhood, Wallace recorded a case in whom car- 
cinoma developed at the age of 30 in a patient who had 
suffered persistent lichen sclerosus since childhood.* 
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Aetiology of severe pneumonia in 
developing countries 


Sir, 

Dr Ikeogu suggests, on the basis of his lung aspirate study 
of 40 children hospitalised in Bulawayo, that bacterial 
infection is not the commonest cause of severe pneumonia 
in children in Zimbabwe.’ This contrasts with published 
data from at least 13 lung aspirate studies from developing 
countries showing the importance of bacterial infections, in 
hospitalised children with severe (predominantly lobar) 
pneumonia. While geographical differences undoubtedly 
exist there are remarkable similarities in the results from 
these studies. The statement that ‘negative bacterial 
growth from lung aspirates implies acute viral infection in 
most cases’ should be read with caution. Bullowa’s study of 
211 bacteraemic pneumococcal pneumonias has suggested 
that lung aspiration has a false negative rate of at least 
22% 2 Studies where viral cultures, immunofluorescence, 
or serology have been performed, together with lung 
aspiration or blood culture in children with severe 
pneumonia, have found evidence of viral infection only in 
approximately 30%. If a genuinely low bacterial isolation 
rate in Bulawayo is to be established convincingly, serum 
or urine should be tested for antibacterial activity, as 
history of recent antibiotic treatment can often be 
unreliable.” 

Intervention trials from six countries have recently 
shown that improved case management with antibiotics 
may substantially reduce mortality from acute respiratory 
infections. This strategy is not necessarily one of increas- 
ing antibiotic prescription and hence escalating costs. 
Although viral and bacterial pneumonias cannot be dif- 
ferentiated reliably by clinical or radiological findings, 
simple clinical signs can be used to distinguish lower from 
upper respiratory infections thus allowing antibiotic delivery 
to be directed to the former group and potentially reducing 
antibiotic use in the community.* 

We are concerned that the low mortality in this series 
suggests that these patients may not be typical of the 
majority of children in Zimbabwe and that the epidemic 
nature of respiratory infections requires that the minimum 
study period be one year (invasive pneumococcal disease 
in The Gambia appears to be noticeably seasonal). 
Furthermore, although Dr Ikeogu emphasises supportive 
care methods, it should be recognised that these are not yet 
proved to be effective in reducing mortality from pneumo- 
nia in developing countries. The weight of currently 
available evidence supperts early antibiotic treatment as 
the primary intervention for all severe pneumonia in 
developing countries. 


H CAMPBELL and | M FORGIE 

Medical Research Council Laboratories, 
PO Box 273, Fajara, 

The Gambia, West Africa 


Dr Ikeogu comments: 


Drs Campbell and Forgie raise a number of issues 
regarding my article on acute pneumonia.’ Space does not 
allow me to discuss all the points raised. They express 
surprise about the low mortality in the patients in the 
series. In our unit a lot of emphasis is placed on supportive 
care even in those with bacterial pneumonia. The suppor- 
tive care principles are based on simple pathophysiological 
considerations but mechanical ventilation is used very 
infrequently in our unit and none of the 40 children was 
ventilated. The argument here is not distinguishing upper 
from lower respiratory infection but determining the 
aetiology of acute lower respiratory infection and therefore 
deciding when to use antibiotics. I consider the use of the 
suggested simple physical signs“ in arriving at this decision 
as an oversimplification, which is sometimes useful in 
situations where there are no doctors or paediatricians or 
facilities for appropriate investigations but which also, in 
my experience, often results in delayed referral to hospital 
often with disastrous consequences. 

Also not treating upper respiratory infections because of 
absence of such simple signs as Drs Campbell and Forgie 
seem to suggest is dangerous in those areas with a high 
incidence of rheumatic fever. The difficulties in trying to 
simplify the management of respiratory infection in children 
are obvious and nothing can substitute experience backed 
up by appropriate investigations. 

The purpose of my article was to indicate the possibility 
of regional differences in the patterns of pneumonia in 
developing countries and by so doing stimulate more 
investigations. Drs Campbell and Forgie agree with me 
that geographical differences and similarities do exist, a 
point reinforced by the absence of a single positive blood 
culture in any of the patients (this point was not mentioned 
in the article). The period of investigation included the 
peak period for respiratory infections and the population 
studied had no access to undocumented antibiotic 
exposure. 
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Seizures presenting as apnoea 


Sir, 
Investigations of the infant with a seizure disorder presented 
by Navelet etal do not provide adequate data to state that the 
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recurrent episodes of intense cyanosis were due to seizure 
induced airway obstruction or a seizure induced prolonged 
absence of inspiratory efforts.’ We accept that seizures 
may cause prolonged absence of breathing effort and 
hypoxaemia and have previously described one patient 
with this problem.” In our patient, however, the apnoea 
was present for more than 50 seconds before severe 
hypoxaemia became apparent. In situations of complete 
airway obstruction due to imposed apnoea the onset of 
sufficient hypoxaemia to produce cyanosis does not appear 
until after 60 seconds of absent airflow.* In our opinion, it 
is more likely that the primary cause of the sudden onset 
and rapid progression of hypoxaemia was intrapulmonary 
shunting and prolonged expiratory apnoea.* This may have 
triggered the seizure shown in.the recording or may have 
resulted from the seizure. In order to answer this, it would 
be required to document the temporal association between 
the onset of hypoxaemia and development of seizure 
activity. 

The onset of cyanotic episodes with meals or pain, the 
lack of response to antacids, metoclopramide, atropine, 
and phenobarbitone and the early onset and intensity of 
cyanosis would be typical of a sudden intrapulmonary shunt 
and prolonged expiratory apnoca.* These latter episodes 
are induced in infants under 6 months typically by feeding 
or painful or stressful stimuli, and the resulting seizure is 
secondary to the hypoxaemia. 

It is also possible that cerebral injury resulting from 
severe hypoxaemia early in life may have produced a focus 
for the subsequent development of epilepsy. 

We suggest that all polygraphic monitoring during 
cyanotic episodes should include measurements of 
oxygenation, most reliably sensed by a pulse oximeter in a 
beat-to-beat mode. 
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Range of neural tube defects in 
southern India 

Sir, 

The article on neural tube defects in southern India by 
Kulkarni et al mentions ‘widespread prenatal screening and 


termination of affected pregnancies’ as contributing 
towards the downward trend of these defects in Western 
countries including the United States and Scotland.’ 
However, the Report of the Chief Medical Officer for 
England and Wales in 1985 states that ‘screening and 
subsequent elective abortion has not been a major cause of 
the decline’? A similar decline has occurred in the 
Republic of Ireland, where abortion is not carried out.* 
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Breath hydrogen excretion in 
infants with colic 


Sir, 

In some babies with troublesome crying the features of 
intense sympathetic activity after a prolonged screaming 
episode of, say, 30 minutes are very striking. These babies 
have a pronounced tachycardia, sweat, and become red in 
the face. Is it possible that the work of crying results in a 
shortened intestinal transit time with increased delivery of 
lactose to the colon reflected in high breath hydrogen 
excretion as Miller and colleagues have demonstrated?! 
Another observation is that babies with troublesome 
crying very often stop crying after hospital admission, 
often within 24-48 hours, with no alteration to their diet. 

It would be very interesting to know if the hydrogen breath 
excretion dropped over this same short period. This may 
help to distinguish whether the abnormal results of Miller 
et al reflect a primary gut abnormality or a secondary 
phenomenon. A study to examine this may be easier to 
design than one to examine the effect of altering the 
lactose content of the diet. 
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Perinatal lessons from the past 


Sir, 

May I correct one reference in Dr Dunn’s excellent 
reminder that we often rediscover past knowledge because 
we forget to review the literature of our predecessors?! 
The biblical text quoted at the beginning of the article is 
from Ecclesiastes (the book following Proverbs), and the 
preceding verse (9) ends ‘. . . what has been done will be 
done again, and there is nothing new under the sun.* The 
book called Ecclesiasticus (found in the Apocrypha) forms 
another part of the ancient ‘wisdom literature’, and hints 
that the doctor and academic may have suffered financial 
restraints and ‘university’ squeezes in ancient times too. 
Chapter 38 verse 1 reminds the reader to . . . ‘Honour the 
doctor for his services’ ... and verse 24 of the same 
chapter states: ‘A scholar’s wisdom comes from ample 
leisure; if a man is to be wise he must be relieved of other 
tasks’. 

Yes, there is nothing new under the sun! 
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Autosomal recessive 
hypophosphataemia 

Sir, 

In 1976 we described for the first time autosomal recessive 
hypophosphataemia.' Family testimony and obstetric 
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records leave no doubt as to the identity of the (now 
deceased) mother of the two affected offspring of the first 
cousin marriage we reported. The evidence for paternity 
we cited in our paper was, however, based only upon blood 
group analysis. In order to confirm paternity beyond 
doubt, we have re-examined the question using HLA and 
DR typing and genetic fingerprinting. 

HLA and DR typing show the putative father to share 
one haplotype with the two affected offspring, antigens 
A11, BW50, and DR7 being common to all three indivi- 
duals. Genetic fingerprinting (Cellmark Diagnostics) 
shows the father and his affected son to share 24 bands 
(42 bands identified in the father and 38 in the son). The 
father and affected daughter share 29 bands (42 bands 
identified in each). Calculation indicates that the likelihood 
of stated over random paternity is 2x 10° and 810° in the 
case of the son and daughter, respectively. Relative 
probability of the putative father being the true parent 
rather than an uncle of the two is respectively 17 and 339. 
We are satisfied, therefore, that autosomal recessive 
transmission occurred in the family we described. 

The existence of several mendelian forms of hypophos- 
phataemia provides strong evidence for the heterogeneity 
of renal phosphate transport systems. Our confirmation 
that autosomal recessive transmission truly occurred in the 
family we described strengthens the case that such hetero- 
geneity exists. 
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Abstracts for plenary spoken sessions 


Street kids: sex and sexually transmitted diseases 
(STD): what they know and do. NE MacDonald, 
WW Bowie, JA Doherty, and J Radford (Ottawa, 
Canada). 


‘Street kids’ (SK=youths who spend most of their 
time on city streets) are at high risk for STD. To 
determine what SK in Canada know and do about 
sex and STD, 656 SK from 10 cities were inter- 
viewed for 30-45 min each. SK were recruited 
directly from the street or through social service 
agencies. 90% approached participated. The M:F 
ratio was 1-1:1, age range 15-20 (mean 17-4) and 
their primary tie to the street was prostitution 
(14%), drug/aicohol abuse (13%), crime (19%), 
homelessness (39% ), and unemployment (16% ). Of 
the 94% who were sexually active, 22% started 
before 12 years, 12% before 9 years. Two thirds had 
>5 lifetime sexual partners: mean 21 (excluding 
prostitutes, mean=200). Of the males. 30% had had 
sex with other males but only 2% said they were 
homosexual and 4% bisexual. Overall, 21% SK had 
engaged in anal sex, 4% often. Less than 20% SK 
regularly used condoms. Although only 7% worried 
about contracting an STD, 20% had already had 
one. Most obtained therapy (94%) and completed it 
but only 25% went for follow up. SK know more 
about AIDS than other STD and were more 
informed than age-matched urban controls. STD 
knowledge came from school and peers who had had 
STD. SK preferred STD data from doctors or clinics 
not peers or parents because of concerns about 
accuracy and confidentiality. Interviewers judged 
SK sexual behaviour to be ‘normal’ and adapted for 
survival on the street and STD unimportant to them. 
Thus if STD are to decrease in SK, improved social 
as well as medical/educational interventions are 
needed. 


Perianal appearances in childhood constipation. U 
Agnarsson, C Gordon, C Wright, G McCarthy, and 
N Evans (Brighton). 


With regard to the debate on anal appearances in 


sexually abused children and in children with 
constipation we assessed the appearance of the 
perianal area in 102 consecutive children, 55 boys 
and 47 girls aged 6 weeks to 13 years, presenting to 
this hospital with mild to moderate constipation 
and/or soiling. All except two were primary GP 
referrals and coexistent sexual abuse could not be 
excluded, although no evidence came to light after 
detailed history. Note was made of the presence and 
nature of anal dilatation (ad), whether full (relaxa- 
tion of both anal sphincters) or partial (external 
sphincter relaxation only) and whether seen im- 
mediately, at 30 or 60 seconds or on stretching of the 
buttocks. Faecal loading was assessed simulta- 
neously. The number of anal fissures (af) whether 
fresh or old, anal tags, anal scars and perianal veins 
were charted, the latter graded as not seen, visible, 
prominent and varicose. The presence and nature of 
perianal erythema and blueness (graded 0-3) was 
noted. Results: 22 children had ad (21%), nine full 
(8-7%) and 13 partial (12%). Rectal or abdominal 
loading was found in seven of the nine children with 
full and in six of the 13 children with partial ad. The 
two children with no faecal loading and full ad were 
normal on subsequent follow up. In 25 patients 
(24-5%) af were seen and 15 of these were in 
children less than 18 months old. Eight children had 
af and ad. Anal tags and anal scars were seen in one 
patient respectively. Sixty six patients had some 
perianal erythema and 45 had some perianal 
blueness. Perianal veins were seen in 22 patients. In 
21 patients they were just visible and prominent in 
only one. Conclusions: full anal dilatation without 
evidence of faecal loading is found in 1-2% of mildly 
constipated children. Minor anal fissures are very 
commonly found in such children. 


The sexually abused battered child. CJ Hobbs and 
JM Wynne (Leeds). 

Since beginning of 1985 we have seen 122 children 
(72 girls, mean age 5-6 vears and 50 boys, mean age 
6-8 years) with both non-accidental injury and 
sexual abuse. 69 presented with non-accidental 
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injury, 36 with suspected sexual abuse and 17 with 
general concern. 57 were under 5 years (47%) and 
103 under 10 (84%). 

Six children sustained fractures, 105 had excessive 
or unusual bruising, 20 suspicious burns or scalds, 
and 38 scratches or lacerations. Frequent sites for 
bruises were thighs (68 children), buttocks (37), 
back (35), face and head (35), upper arms (33), 
knees (30), abdomen (19), and paragenital (7). Grip 
marks on knees, thighs and arms were common. 

One hundred and two children suffered penetra- 
tion of mouth, anus, or vagina. Despite physical 
violence, 39 made full and 26 partial disclosure of 
sexual abuse. Four children died. 

Doctors who see physically abused children are 
used to looking for signs of neglect and failure to 
thrive. This study indicates the importance of 
considering sexual abuse in the non-accidentally 
injured child. 


Consistent clustering of child abuse in an inner city 
borough from 1982-1988. AM Cotterill, S Jenk- 
ins, and CBS Wood (London). 


The geographic mapping of registered child abuse 
cases reveals clusters of cases in small areas, usually 
housing estates, which contain 70% of cases 
registered.' The prediction of future clusters is best 
and most simply done by mapping rather than using 
census derived information.' This study extends the 
study period from 1985 to September 1988 and 
investigates the recent changes in distribution, and 
examines the effects of the increase in sexual abuse 
registration. The households containing at least one 
child on the child abuse register were marked on a 
large scale map and note was made of the date of 
registration and the type of abuse. Maps were made 
for all abuse for 1982-1988, 1982-1985, 1985-1988, 
and for sexual abuse for 1985-1988. The overall 
rate of abuse registration declined from 4-7 (1984- 
1985) (households with at least one child on the 
child abuse register per 1000 households with 
children under the age of 16 years) to 3-8 (1985— 
1986), 3-4 (1986-1987), and 2-7 (1987-1988). while 
the rate of sexual abuse registrations increased from 
0-4 (1985/86), 0-8 (1986/87) to 1-0 (1987/88), with 
also a relative increase from 10% to 37% on all 
registrations. In comparison with the map for 
1982/85, the map for 1985/88 shows a very similar 
clustering of cases with 67% lying in clearly identi- 
fiable clusters. Twelve clusters could have been 
predicted from the 1982/85 map and these predicted 
clusters contained 57% of all cases and 56% of 
sexual abuse cases registered in 1985/88. 

This study shows over a seven year period a 
consistent clustering of child abuse registration 
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within certain housing areas, which contain 70% of 
all registered cases of abuse. The increase in sexual 
abuse registration did not alter the clustering phe- 
nomenon. These findings may lead to a change in 
the methods of primary prevention of child abuse to 
local community schemes within the identified 
cluster areas. 


Reference 
' Cotterill AM. Child Abuse Negi 1988:12:461. 


Child sexual abuse video—is seeing believing? E 
Vizard, M Wiseman, A Bentovim, and J Leventhal 
(London and Yale). 


Aims: (a) to assess reliability of a semi-structured 
interview with suspected sexually abused children. 
(b) To assess whether blind-raters of videotaped 
material, make correct judgments re CSA? (c) 
What are the differing professional perceptions of 
videoed interviews? (d) Hypothesis generation. 

Method: 28 raters from psychiatry, psychology, 
social work, the law and the police force, were asked 
to rate 12 edited videotapes of children who may 
have been sexually abused. Raters were asked to say 
whether children had been sexually abused and why 
they held this opinion. Ratings were compared with 
file data, to establish validity. 

Results: (a) good agreement between blind 
videotape raters and file data rating, on the likeli- 
hood of sexual abuse. (b) Police noted subtle non- 
verbal child indicators of CSA, but lawyers were 
impressed by articulate children. 

Conclusion: That semi-structured interview seems 
to be diagnostically valid, and of evidential value. 
The legal profession put the onus on the child to be 
convincing, whereas police officers try to under- 
stand child behaviours. 


The Northumbria women’s police doctor scheme: a 
novel approach to the forensic examination in child 
sexual abuse. CM Wright, L Duke, E Fraser, and L 
Sviland (Newcastle upon Tyne). 


As more children present to the police with dis- 
closed sexual abuse, problems may arise in obtain- 
ing a medical opinion. Paediatricians, though 
experienced in other forms of abuse, often lack the 
forensic skills required by the police. 

In 1983 Northumbria police recruited a number of 
women doctors to examine all victims of sexual 
assault, without undertaking other police surgeon 
duties. In 1986 the doctors on the scheme, drawn 
mainly from general practice and paediatrics, 
examined 312 victims. 82% of victims were under 16 
and 27% under 6 years; child sexual abuse thus 
constitutes most of the work load. The majority of 
the children presented with a disclosure by the child 
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or following parental suspicion. 51% assailants were 
related to the victims, 32% being fathers or step- 
fathers; only 6% were strangers. Physical signs were 
found in more than half of those examined. 
The doctors work closely with five police child 
abuse units whose women officers conduct all the 
interviews. A variable degree of liaison has been 
achieved with local paediatricians and psychiatrists 
for providing aftercare. The scheme provides a 
forum for education and support and has collectively 
gained much expertise. Similar schemes could be set 
up elsewhere in the country, allowing paediatricians 
to learn forensic skills and thus provide a valuable 
service to police, ‘social services, and to children. 


Host defence mechanisms. IM Roitt (London). 


Antibodies in collaboration with complement and 
polymorphonuclear leukocytes constitute a triad of 
systems which are effective against extracellular 
organisms, constituting so called ‘humoral immun- 
ity’. Cell mediated immunity, involving the T- 
lymphocyte, ‘is essentially directed to eradicating 
intracellular parasites. The T-cell antigen-specific 
receptor recognises a combination of a major 
histocompatibility complex (MHC) molecule, 
together with a peptide fragment. The MHC mole- 
cule tells the T-cell which type of cellular target that 
it is encountering, while the components of the 
intracellular parasites are broken down to peptide 
fragments which reach the surface in association 
with the MHC molecule and are indicators of their 
intracellular parasitic origin. 
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Neutrophil-endothelial adhesion responses. KD 
Forsyth and RJ Levinsky (London). 


In inflammatory states neutrophil migration from 
the vascular to the extravascular compartment is 
increased. The mechanisms of this enhanced 
response is due to alterations of the neutrophil and 
endothelial surface. For instance, neutrophil stimu- 
lants increase adhesion to endothelium and endo- 
thelial stimulants such as IL1 increase neutrophil 
adherence. Neutrophil binding to endothelium is 
mediated (at least, in part) by the Leu-cam’s 
(leucocyte adhesion molecules) LFA-1, CR3 and 
p150,95 (CD18, CD11a, b, and c). Baseline neutro- 
phil adherence to endothelium can be inhibited 


partially by LFA-1 antibody (CD18 and 11a). 
Stimulation of neutrophils with inflammatory stimu- 
lants increases neutrophil adherence by LFA-1 and 
other as yet unrecognised mechanisms. Interleukin 1 
also increases adhesion by new synthesis of the 
LFA-1 ligand on endothelium. Furthermore, the 
LFA-1 molecule on neutrophils can be increased 
antigenically and functionally by incubation of 
neutrophils with anti-neutrophil (CD15) antibodies, 
which bind to an oligosaccharide (LNF IH) present 
on the LFA-1 chains, probably inducing a con- 
formational change in the receptor. LNF III is 
present on other cell types, but is ‘masked’ by sialic 
acid. If there is an in vivo ligand for LNF MI or if 
desialation occurs, that is, by neuraminidases from 
bacteria, increased neutrophil adhesion to endo- 
thelium may occur and contribute to the inflam- 
matory response. Understanding of adhesion 
mechanisms of inflammatory cells to endothelium 
offers potential for therapeutic intervention in cases 
where host defence mechanisms are self-damaging. 
We have explored the use of an anti CD18 antibody 
in a condition of endothelial damage, the haemolytic 
ureamia syndrome (HUS). In HUS, there is a 1-5 to 
2 times increase in neutrophil binding to endo- 
thelium and endothelial damage. The CD18 
antibody is able to inhibit endothelial damage in 
certain cases. 


T cell-mediated changes im epithelial cell prolifera- 
tion and goblet cell numbers in human fetal colon: a 
model of colitis. CM Evans, JA Walker-Smith, and 
TT MacDonald (London). 


Immune mechanisms important in the pathogenesis 
of colonic inflammation are not well understood. An 
organ culture model was therefore used to study the 
effects of T cell activation in the human colon. 

Lamina propria T cells in explant cultures of 
human fetal colon (16-20 weeks’ gestation) were 
activated in situ with pokeweed mitogen or anti- 
CD3 antibody, and compared with unstimulated 
controls. 

After three days of culture, T cell stimulated 
colonic explants showed a 2—4 fold increase in crypt 
epithelial cell proliferation and a decrease in crypt 
goblet cells of up to 20 fold (n=15 experiments). 
After five days, there was flattening of the surface - 
epithelium with severe loss of goblet cells in T cell 
stimulated explants, and by day 7, severe and 
extensive epithelial damage had occurred. A slight 
fall in goblet cell numbers without crypt hyperplasia 
was observed in control cultures by day 7, but the 
rate and intensity of depletion were less than in 
stimulated explants, and the epithelium remained 
intact. 


Goblet cell depletion, crypt hyperplasia, and 
epithelial cell damage are common histological 
findings in colonic disease (particularly ulcerative 
colitis). These experiments suggest that T cells may 
have an important role in the pathogenesis of colitis. 
The model provides a new system by which the 
mechanisms of T cell-mediated damage in the 
human colon can be studied. 


Kawasaki disease—anti endothelial cell and antineut- 
rophil cytosolic antibodies—a new approach to 
diagnosis with possible pathogenetic implications. EJ 
Tizard, E Baguley, V Shah. GRV Hughes, and MJ 
Dillon (London). 


There is increasing evidence that immunological 
mechanisms play a role in the pathogenesis of 
Kawasaki disease (KD). 

Cytotoxic antiendothelial cell antibodies (AECA) 
causing lysis of cytokine stimulated cells have 
previously been reported (J Exp Med, 1986). We 
have used a cellular based ELISA assay to demon- 
strate the presence of antibodies directed against 
both cytokine stimulated and unstimulated endothe- 
lial cells. Sera from 32 patients with KD were 
evaluated; 21/32 patients had detectable AECA 
(mainly of the IgM class but some IgG). This 
compared with 0/27 IgM and 0/12 IgG in normal 
controls. 

Cytokine stimulation resulted in upregulation in 
3/18 patients. Serial measurements showed an initial 
rise in IgM titre with a fall in the convalescent 
period. 

Antineutrophil cytosolic antibodies (ANCA) 
have been found in certain forms of adult vasculitis 
(Wegener's granulomatosis and microscopic polyar- 
teritis). We have developed an ELISA assay to 
assess the presence of ANCA in KD and found that 
20/28 patients had raised titres. 

Of the patients in whom both AECA and ANCA 
were measured only 12/26 had both antibodies 
suggesting that these are directed against different 
antigens. 

We suggest that these antibodies may be useful 
markers of disease activity but they may also have 
important pathogenetic implications for this and 
other forms of vasculitis. 


Liver membrane-specific T cell clones in autoim- 
mune chronic active hepatitis (a@CAH). L Wen, A 
Lobo-Yeo, M Peakman, AP Mowat. G Mieli- 
Vergani, and D Vergani (London). 


Patients with aCAH have increased numbers of 
activated circulating T-lymphocytes expressing 
interleukin 2 receptors (IL-2R). By sequentially 
incubating peripheral blood mononuclear cells 
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(PBMC) of a patient with aCAH with recombinant 
IL-2 and PHA at a concentration of 0-3 cells/well, 
11 T-cell clones were generated, 10 of which were 
CD4+ and one CD8+. Two CD4+ clones pro- 
liferated in response to rabbit liver membrane 
homogenate (RLM) when co-cultured with irradiated 
autologous PBMC as antigen presenting cells, but 
not with allogeneic PBMC. No proliferation was 
observed when rabbit kidney membrane was used as 
stimulating antigen. Proliferation of RLM-specific T 
cell clones was blocked by adding anti-CD4, anti- 
HLA DR and anti-IL2R, the inhibition being 
reversed in the latter case with excess IL-2. Six T 
cell clones (4 CD8+, 2 CD4+) generated from a 
control under similar conditions were unresponsive 
to RLM whether presented by autologous or allo- 
geneic PBMC. These results show that T cell clones 
can be generated from circulating IL-2R+ T cells of 
patients with aCAH. Their specificity for liver cell 
membrane, the likely target of the immune attack in 
aCAH, indicates their involvement in the patho- 
genesis of this disease. 


How HIV attacks the immune system. RA Weiss 
(London). 


The human immunodeficiency viruses (HIV-1, 
HIV-2) cause acquired immune deficiency syn- 
drome (AIDS). These viruses gain entry into T- 
helper lymphocytes by subverting the CD4 cell 
surface antigen as a high affinity receptor recognised 
by a site on the outer coat protein (gp120) of the 
virus. Full replication of the virus inside the cell 
causes cell death leading to eventual depletion of 
circulating T-helper cells and immunodeficiency. 
The CD4/gp120 interaction can be cytopathic by 
other mechanisms too. HIV also infects monocytes, 
macrophages, and in culture, muscle, gut and brain 
glial cells. Whether CD4 acts as the HIV receptor 
for these cell types is not so clear. The infection of 
other cell types helps to explain the wasting disease 
and neuropathy seen in HIV infected subjects, not 
least in paediatric AIDS. The binding of gp120 to 
CD4 can be blocked by a variety of antibodies and 
recombinant CD4 decoy proteins, which are being 
explored as potential means of therapy. 
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Paediatric AIDS and HIV infection in the United 
Kingdom. A Ellam and N Gill (Colindale). 


The British Paediatric Surveillance Unit reporting 
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scheme is an integral part of the national surveill- 
ance of paediatric AIDS. As of September 1988, 30 
cases of AIDS ip children aged 14 years and under 
had been reported to the surveillance centre at 
CDSC, 25 through the BPSU. Of these six were 
haemophiliacs, five had received blood transfusions, 
and the remaining 19 (63%) were born to infected 
mothers. 

In the same period, 276 laboratory reports of HIV 
antibody children were received. A total of 159 were 
in haemophiliacs, nine in blood recipients, and 101 
(37%) born to infected/at risk mothers. 

An analysis of data from the two systems will be 
presented, detailing risk factors, sex, age at onset of 
symptoms, the clinical presentation, and the survival 
in those who subsequently developed AIDS. 

The changing pattern of risk factors over time 
shows an important increase in the role of injecting 
drug use, either in the mother or her partner, and an 
increase in heterosexual contact generally. 

Data up to the end of March 1988 will be 
included. 


Cloning of a Chlamydia trachomatis DNA fragment 
endowing recombinant Escherichia coli with ad- 
herent properties for eukaryotic cells. I Allan and 
ER Moxon (Oxford). 


Chlamydia trachomatis is a major cause of sexually 
transmitted and ocular disease, and, as such poses a 
considerable threat to the neonate and young child. 
The obligately intracellular lifestyle of this bacter- 
ium presents many practical problems to its study; 
however, it may also provide unique potential 
targets for intervention and immunoprophylaxis. 
The initial intraction between the parasite and its 
host cell may well represent just such a vulnerable 
step in the developmental cycle of the pathogen. In 
order to study components which may be involved in 
this initial interaction we have constructed a geno- 
mic library of C trachomatis by digestion of chlamy- 
dial DNA with the restriction endonucleases Pst I 
and Xba I and ligation of the DNA fragments into 
the plasmid pUC-19. These recombinant plasmids 
were then introduced into E coli and the resulting 
recombinant bacteria screened for enhanced as- 
sociation with eukaryotic cell monolayers, by 
comparison with non-recombinant E coli, in an 
adherence assay. One clone of recombinant bacteria 
resulting from this procedure exhibited markedly 
enhanced association with eukaryotic cells. 
Sequencing of the chlamydial DNA in this recom- 
binant has revealed the potential to code for a 
polypeptide of 88 amino acid residues with two 
striking structural features. Firstly, the central 
portion of the polypeptide is highly hydrophobio— 


resembling the membrane spanning domains of 
known outer membrane proteins of bacteria. 
Secondly, the carboxy-terminal region of the 
polypeptide is highly positively charged, and it is 
tempting to speculate that this region may play a 
critical role in the initial interaction of the parasite 
with negatively charged components of the host cell 
surface. 


Specific maternal antibody levels and their isotypes 
in group B streptococcal sepsis in the newborn 
period. RG Feldman and A Ferrante (London and 
Adelaide). 


It is recognised that a major risk factor for the 
development of group B streptococcal (GBS) sepsis 
in the newborn period is low or absent maternal 
levels of specific IgG antibody. Enzyme immunoas- 
says were developed to measure absolute quantities 
of anti-GBS type III polysaccharide antibodies and 
their subclasses. 

Sera were examined from 18 healthy non- 
pregnant controls and nine mothers of infants with 
proven GBS type III septicaemia (none of the 
mothers themselves were infected). Eight (47%) of 
the controls had protective anti-GBS type III IgG 
levels (=2 ug/ml), while only one-of the mothers of 
the infected infants had a protective antibody level 
(2-6 ug/ml). The mean anti-GBS type II antibody 
level of the control group was 6-35 pg/ml (range 0 to 
59-2 ug/ml) and that of the mothers of infected 
infants 0-7 ug/ml (range 0 to 2-6 ug/ml). The finding 
in this preliminary study that the mothers of infected 
infants had low levels of anticapsular antibody is in 
agreement with previously published data. The 
proportion of healthy controls in this study (47%) 
who have protective levels of antibody is higher than 
reported in the USA population (0 to 28%) and this 
may explain the observed difference in incidence of 
infection between the two countries (0-3/1000 live 
births in the UK versus 0-7 to 20-2/1000 in the 
USA). 

With respect to the IgG subclasses, every serum 
tested including the controls contained GBS type IH 
specific IgG, and three sera (2 controls and one 
mother of an infected infant) contained, in addition, 
detectable specific IgG,. No IgG, was detected in 
any of the sera. One serum which was not drawn 
from this study contained a hyperimmune level of 
anti-GBS type III antibody (1200 pg/ml) and con- 
tained >99% IgG, but also detectable quantities of 
IgG,. No other serum contained anti-GBS type ITI 
specific IgG,. These findings suggest that GBS type 
III specific IgG,4. These findings suggest that GBS 
type III carbohydrate elicits a similar humoral 
response to that seen in many other bacterial 


carbohydrates such as Haemophilus influenzae sero- 
type b. 


Human milk inhibits adhesion of enteropathogenic 
Escherichia coli (EPEC) to human epithelial cells. 
KA Nathavitharana, S Knutton, D Catty, and AS 
MeNeish (Birmingham). 


Adhesion of EPEC to the intestinal mucosa is 
known to be an important event in colonisation and 
the development of diarrhoeal disease. Human milk 
is thought to possess anti-adhesive factors. The 
object of this study was to assess the presence or 
absence of anti-EPEC adhesive factors in human 
milk using an in vitro human epithelial cell (HEp-2) 
adhesion assay. The adhesion index was defined as 
the percentage of cells with adherent microcolonies 
(>5 bacteria) of EPEC. The classical 0111 sero- 
group EPEC strain used for this study produced a 
mean adhesion index of 37 (range 30-42). Twenty 
five of 39 human milk specimens tested produced a 
marked reduction in the adhesion index to 2 (range 
0-8). 12 of 13 specimens with demonstrable 0111- 
specific secretory IgA (sIgA) produced a marked 
reduction in the adhesion index to 1 (range 0-8) 
whereas 13 of 26 specimens without demonstrable 
O1ll-specific sIgA also produced a marked reduc- 
tion of the adhesion index to 2 (range 0-8). 
Absorption of the 011l-specific slgA from 4 milk 
specimens did not affect the adhesion index. These 
results confirm the presence in some specimens of 
human milk of anti-EPEC adhesive factors, presum- 
ably in milk from those women exposed to EPEC 
bacteria. Such anti-adhesive factors appear to be 
unrelated to EPEC O-antigen specific sIgA anti- 
body in milk. 


Twenty years experience of renal transplantation in 
children. SPA Rigden, GM Ward, C Turner, M 
Bewick, G Koffman, GB Haycock, and C Chantler 
(London). 


In the 20 years since November 1968, 249 children 
(159 male. 90 female; age range 9 months—18 years) 
have received 325 renal allografts. Fifty four chil- 
dren have been retransplanted once and 11, twice. 
Eighty grafts were from live related donors. In the 
first quartile, 75% of the children were > 10 years of 
age at transplantation and the youngest child 7 
years; in the fourth quartile 17% of the children 
were <5 years and 29% aged 5-10 years at 
transplantation. Primary renal diseases were con- 
genital abnormalities, including reflux nephropathy 
in 46%. inherited diseases in 25%, and glomeru- 
lonephritis 14%. 

Actuarial survival (AS) for children transplanted 
between 20 November 1968 and 31 December 1987 
is 79% at 14 years and for those transplanted since | 
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October 1983 is 94% at 4 years. AS for the 38 
children aged < than 5 years at transplantation is 
79% at 5 years. AS for all first grafts (live related 
and cadaver) is 62% at 14 years and for first grafts 
performed since 1 October 1983 is 68% at 4 years. 
AS for first grafts in children aged < than 5 years is 
67% at S years. f 
Seventy of the surviving children are now more 
than 18 years old; 41 of them have a functioning first 
graft, 22 have been retransplanted, and six have 
returned to haemodialysis. Thirty five are in 
employment and 13 pursuing further education. 
Twelve are known to be unemployed. Eight of these 
young adults are married and two have children. 


Familial adenomatous polyposis coli is now a paediat- 
ric problem. FI Lalloo, J Burn, PD Chapman, CM 
Wood, EJ Eastham, JDA Delhanty, MJ Rhodes, 
and A Gunn (Newcastle upon Tyne, London, and 
Ashington). 


Familial adenomatous polyposis coli (FAPC) is an 
autosomal dominant disorder, characterised by mul- 
tiple adenomata of the large bowel with a propensity 
to early malignant change. Co-existent cutaneous 
and/or skeletal involvement attracts the eponym 
Gardner’s syndrome. We have ascertained 38 fami- 
lies containing 60 affected individuals and 206 first 
or second degree relatives. These data derive from 
the Northern Regional Polyposis Registry, a col- 
laborative screening programme involving 72 
surgeons, which has in its first two years increased 
from 21 to 176, the number of relatives being 
screened. 

The recent localisation of a gene for FAPC to 
chromosome 5q raises the possibility of early carrier 
detection on the basis of linkage to polymorphic 
DNA markers. In addition, we have found that 
multiple area of congenital hypertrophy of the 
retinal pigment epithelium identify 94% of obligate 
gene carriers (Chapman PD et al, in press). Tradi- 
tionally, individuals at risk have annual bowel 
examination from puberty. Appearance of polyps 
under 14 years has been reported, however, includ- 
ing children as young as 6 years presenting with 
carcinoma. On the basis of the 70 children at risk we 
will discuss the feasibility and desirability of early 
carrier detection using a combination of eye and 
DNA examination. The optimal choice of screening 
procedure and age at commencement can then be 
considered. 


Improving prognosis for osteosarcoma—preliminary 
results of a European study. AW Craft (Newcastle 
upon Tyne). 


The prognosis for patients with osteosarcoma 
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treated by amputation alone is only 20%. The 
addition of chemotherapy in the 1970s led to a 
suggestion of striking improvements in survival and 
two randomised studies with a no chemotherapy 
arm have shown a clear benefit with chemotherapy. 
The optimum regime remains to be determined. In 
3983 the European Osteosarcoma Intergroup was 
established representing the United Kingdom 
Children’s Cancer Study Group, Medical Research 
Council International Paediatric Oncology Society, 
and the European Organisation for the Research 
and Treatment of Cancer. A study was designed to 
compare the effectiveness of two regimes, each 
utilising the same two drugs—that is, adriamycin 
and cisplatinum, with one arm containing in 
addition methotrexate (arm 2). A total of 297 
patients were entered between 1983 and 1986. Forty 
four had metastases at the time of diagnosis and 
23 had an amputation before chemotherapy. There 
was excess of liver toxicity in arm 2 and neuro- 
toxicity in arm 1. Definitive surgery of the tumour 
was undertaken at week 9 in both arms. Seventy six 
had an amputation and 120 had conservative surgery 
with either insertion of a metal prosthesis or a tibial 
rotationplasty. Survival at 44% years in arm 1 was 
65% and arm 2, 33% (p=0-037) and disease free 
survival 57% and 38% (p=0-009). For those 
patients with metastases at presentation survival was 
better in arm 2—that is, 61% v 10% (p=0-009) at 42 
months. These survival figures are comparable with 
the best current multi-institutional studies most 
utilising prolonged and more complex chemo- 
therapy. A second EOI study is now in progress 
comparing arm 1 of the first study with a multidrug 
regime based on the best published results by 
Rosen. 

This study demonstrates the benefit to be achieved 
by centralisation of care for patients with osteo- 
sarcoma and the increasing use of conservative 
surgery admirably demonstrates the changing 
philosophy in paediatric oncology from ‘cure at any 
cost’ to ‘cure at least cost’. 


Intellectual impairment in 4 year olds with early 
treated phenylketonuria: relationship to dietary 
control. I Smith, MR Beasley, and AE Ades 
(London). 


In early treated children with PKU who were born 
in the UK between 1964 and 1980, intelligence 
quotients (IQs) measured at 4 years of age using the 
Stanford Binet have been re-examined to take 
account, of the rising IQ in the general population. 
In children born between 1964 and 1971 (cohort I) 


IQs rose from approximately —1-5 SD (—22-5 IQ 
points) to —0-7 SD (—10 IQ points). Children born 
between 1972 and 1980 (cohort II) showed no 
further rise. The proportions of children likely to 
require special education were 16% and 8% for 
cohorts I and II respectively. After allowing for 
social class, lower IQ was significantly and inde- 
pendently associated with later age at the start of 
treatment, higher phenylalanine concentrations at 
diagnosis and, during treatment over the first four 
years, higher average phenylalanine concentrations 
and prolonged periods of low phenylalanine concen- 
trations. In both cohorts children with a mean 
phenylalanine~concentration during treatment of 
over 700 pmol/l had mean IQs 1 SD (16 IQ points) 
below the means in children with a mean’ phenyl- 
alanine of 300 umol/l; the relationship between IQ 
and phenylalanine control was approximately linear. 
Forty six children in cohort II who received the 
‘best’ treatment (on diet by 20 days of age, average 
phenylalanine concentrations below 400 pmol/l, but 
not below 120 pmol/l for more than 2 months) had a 
mean IQ, after adjustment for social class, of 112-6 
and very close to the estimated population norm for 
the Stanford Binet of 112-4. 

We conclude that, unless blood phenylalanine 
concentrations have been below 400 pmol/l for most 
of the first four years of life, children with phenyl- 
ketonuria are likely to suffer some degree of 
intellectual impairment. 


Not so sudden infant death. R Meadow (Leeds). 


Some children registered as dying from sudden 
infant death syndrome (SIDS), or who are thought 
to have recurrent apnoea, have been suffocated. 

Twenty one young children who had been suffo- 
cated were studied. The certainty, or near certainty, 
of suffocation was based on miaternal confession, 
reliable observation of the suffocation, or successful 
prosecution in a criminal court. 

The children came from 21 different families. 
They had 10 live siblings and 15 who had died 
suddenly and unexpectedly in early life. The median 
age of death, or of discovery of suffocation, was 7 
months; the median age of siblings, death was 6 
months. Twenty of the 21 suffocated children had 
had recurrent apnoea, cyanosis, seizure, or near 
miss cot death; at least 11 of the dead siblings had 
similar episodes. Nine of the suffocated children had 
had other unexplained disorders including bleeding. 

The characteristics of the 21 suffocated children 
differ from those of SIDS: 





Suffocation SIDS 

(%) (%) 
Previous apnoea 90 <10 
Other unexplained disorder 40 <5 
Age over 6 months 50 <15 
Dead sibling 50 2 


These differences should allow some cases of 
suffocation to be detected earlier and for inter- 
vention before brain damage or death occurs. 


Single dose vitamin E prophylaxis for intraventricu- 
lar haemorrhage (IVH). ML Chiswick, G Gladman, 
S Sinha, J Davies, and DG Sims (Manchester). 


A randomised controlled trial from this centre 
showed that three daily doses of IM vitamin E 
protected against IVH in babies <33 weeks’ gesta- 
tion and that early supplementation was important. 
We were concerned about the problem of daily IM 
injections in babies who had little muscle bulk, and 
following the trial we instead gave all babies <33 
weeks a single IM injection of vitamin E (20 mg/kg) 
soon after birth (median 2h, inborn), or on admis- 
sion to the unit (median 12h, outbom) without 
changing our management policy in other respects. 
Risk factors for IVH were prospectively noted as in 
our previous trial, and babies received frequent 
ultrasound brain scans. Among all babies who 
received single dose prophylaxis (n=121) the inci- 
dence of IVH was significantly lower than in the 
original control population (13-2% v 34:3%; 95% 
CI for difference 10-3-31-9%). 

A protective effect against [VH was still observed 
when inborn babies were considered separately 
(95% CI for difference 12-7%-36-8 %), in spite of 
them having a significantly higher frequency of risk 
factors for IVH compared with the original inborn 
controls. In contrast, among referred babies who 
-Teceived single dose prophylaxis (median time 12h), 
the incidence of IVH (21-2%) was lower than the 
original referred controls (32-0%) but not signifi- 
cantly so. These results support the notion that 
single dose IM vitamin E gives better protection 
against IVH if given soon after birth and should 
stimulate exploration of other methods of rapid 
vitamin E supplementation. 


Cost of neonatal care in the Trent region. S Hodges, 
R Fordham, DJ Field, C Normand, E Mason, and P 
Burton (Leicester and York). 


There have been three previous studies in the UK 
assessing the economics of neonatal intensive care, 
all relating to regional units. In a one year 
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prospective study the cost of neonatal care for the 
entire Trent region has been calculated. The 
number of days intensive care level I (ITU JD), 
intensive care level II (ITU II) and special care (SC) 
(as defined by the British Association of Perinatal 
Paediatrics) were obtained for each unit in the 
region (13'SCBU, four subregional intensive care 
units). Unit accountants provided the cost of 
support services and hospital overheads and senior 
nursing and medical personnel provided details of 
the staffing establishment. A total cost per annum 
was then calculated for each unit. A previous study 
has suggested that ITU I is approximately twice as 
expensive as ITU II and six times more expensive 
than SC. Using this ratio the cost per day for each 
level of care in each unit was calculated. 

The results, mean (and range) are summarised in 
the table. 





Mean cost (£) ITU I ITU H SC 
All units (n=17) 554 (291-943) 277 (146-471) 92 (48-157) 
Subregional 

ITU (n=4) 361 (291—415) 180 (146-208) 60 (48-69) 
SC (n=13) 613 (395-942) 306 (196-471) 102 (64-153) 


These results suggest that regional or subregional 
units are a more cost effective way of treating 
newborn infants requiring prolonged hospital care. 


Anti-endotoxin therapy for fulminant meningococcal 
septicaemia: pilot study. A Thomson, J Sills, CA 
Hart, and F Harris (Liverpool). 


Aims: to evaluate the possible benefits of anti- 
endotoxin therapy (AET) in fulminant meningococ- 
cal septicaemia (FMS). 

Methods: during 1987 children with clinical 
evidence of FMS, as defined by a Glasgow meningo- 
coccal septicaemia prognostic score of >7, were 
identified prospectively, and later confirmed 
bacteriologically. In addition to conventional 
intensive therapy, patients received AET for two 
days, with intravenous polymyxin E (2 mg/kg daily) 
and immunoglobulin containing anti-endotoxin 
antibodies (Pentaglobin 5 ml/kg daily). Survival was 
compared with cases of FMS presenting between 
1 January 1977 and 31 December 1986, ascertained 
from hospital records and scored retrospectively. 

Results: of 34 cases of meningococcal septicaemia 
admitted in 1987 and 134 in 1977-1986, 32 had FMS. 
In 1987, 11 patients were treated with AET; eight 
(72-7%) survived. Of 21 patients, (19 during 1977- 
1986, and two during 1987), not given AET, six 
(28-6%) survived. AET was well tolerated. 

Conclusions: treatment with AET in addition to 
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conventional intensive therapy improves survival in 
FMS (p=0-019 by Fisher’s exact test). A prospective 
dcuble-blind placebo-controlled study is indicated. 
This would require 22 patients in each limb to show 
a difference at the 0-05 level with 95% power. 


Surveillance of Kawasaki disease (KD) in the British 
Isles. SM Hall (Colindale). 


BPA-CDSC joint surveillance of KD began on 1 
January 1983 with the aim of describing its 
epidemiological and clinical characteristics in these 
islands. Initially paediatricians reported new cases 
on a precirculated standard form. From July 1986 
cases were actively ascertained through the British 
Paediatric Surveillance Unit. 

A total of 183 ‘classical’ cases and 52 ‘atypical’ 
cases were reported 1983-7. The change to active 
ascertainment caused a trebling of average annual 
totals compared with the preceding period of passive 
surveillance. 83% of ‘classical’ cases were under 5 
(median age 31 months); the ‘atypical’ cases were 
older. There were marked geographical but not 
seasonal variations in incidence, and a significant 
excess of Oriental and Caribbean subjects. Case 
fatality rates of 2% and 9% and cardiac complica- 
tion rates of 34% and 28% occurred among the 
‘classical’ and ‘atypical’ cases respectively. Other 
complications included arthropathy (19%). 
diarrhoea (13%), and aseptic meningitis (10%). 
Thrombocytosis was consistent in both ‘classical’ 
and ‘atypical’ cases. 

The clinical and most epidemiological features of 
KD in the British Isles 1983-7 were similar to those 
reported elsewhere. The incidence in 1987, how- 
ever, was 4-6 times lower than in Europe or 
Canada, although comparable with that in USA. 
There is a need for increased diagnostic vigilance 
and awareness of atypical cases as the standard case 
definition for KD may be too restrictive. 


Liver disease in cystic fibrosis (CF). RH Scott-Jupp. 
M Lama, and MS Tanner (Leicester). 


Previous postmortem data suggests a prevalence of 
liver abnormality in CF rising steadily with age, but 
clinical prevalence data are lacking. A total of 506 
CF patients (1-30 years) in Leicester, Birmingham, 
Nottingham, and Peterborough were reviewed seek- 
ing evidence of ‘overt’ liver disease—that is, 
splenomegaly, hard or irregular hepatomegaly, or 
varices; or of abnormal liver function tests. ‘Overt’ 
liver disease (LD) prevalence peaked in the second 
decade: 





Age {years} 0-5 6-10 JIS 


16-20 24-25 


25-30 Total 


506 
34 
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This suggests that LD is associated with death in 
teenage years. Eleven of the 80 CF deaths 1978-88 
were in patients with LD, and occurred at median 
age 15 (range 8-17) years. One 25 year old received 
a triple transplant. Eighteen of 24 cases of overt LD, 
and 8/11 liver deaths, occurred in males. Presenta- 
tions of overt LD were splenomegaly (3), hepa- 
tomegaly (7), hepatosplenomegaly (12), gallstones 
(1), abnormal LFTs (1). Varices were present in 
seven and bled in five. ‘Biochemical’ liver disease 
showed no sex predilection, did not peak in preva- 
lence, and was absent in 5 children with overt LD. 

Conclusions: LD in CF is not a function of 
longevity. In our study males were preferentially 
affected. LD is associated with death in the second 
decade, presents as portal hypertension, and is not 
predicted by abnormal LFTs. 


The role of magnetic resonance imaging in investigat- 
ing neurological disorders. AC  Elias-Jones, 
T Jaspan, DH Mellor, and BS Worthington (Notting- 
ham). 


Magnetic resonance imaging (MRI) provides an 
additional powerful tool for investigating neurolo- 
gical disorders, but limited resources demand 
prudent selection for its use. We have attempted to 
seek guidelines for such careful application in a 
neurosciences unit. 

Eighty children (41 males:39 females) aged 2 
days—17 years (mean 9-2 years) were investigated by 
paired CT and MRI brain scans (group A, 48 cases) 
or paired CT myelograms and MRI spinal scans 
(group B, 32 cases), to compare the scans’ useful- 
ness in assessing a variety of neurological disorders. 

In group A, 21 children had tumours (11 scans 
equivalent, nine MRI scans superior, one CT brain 
scan superior), five had suspected hydrocephalus 
(four both scans equal and positive, one both 
negative); eight had focal fits (both scans negative in 
seven, both positive in the eighth); both scans were 
positive in two cases of cerebral atrophy, and in two 
children with corpus callosal anomalies the MRI 
scan delineated the lesion better. In eight other 
varied neurological disorders both scans were nega- 
tive in five, and the MRI scan was superior in three. 

In group B, 18 cases had cord tethering (eight 
scans equal, in nine the MRI was better, and in one 
the CT was superior), and the MRI tended to be 


better where tethering involved a lipoma/lipo- 
myelomeningocoele or syrinx. In five cases of spinal 
tumours or syrinx the MRI was superior in four and 
equivalent in the fifth. In three cases with bladder 
problems both scans were negative. In six cases with 
cervical or thoracic problems the scans were equal in 
three, and the MRI better in the other three. 

Thus if cord tethering or syrinx is suspected an 
MRI scan is likely to be more informative. Similarly, 
if cerebral or spinal tumours are predicted an MRI 
scan is preferable, if available. In investigating 
bladder symptoms or focal fits, if the CT scan is 
negative, the MRI scan is unlikely to provide 
additional positive information. 


Neurological morbidity in survivors of cardiac 
surgery in childhood. AG Stuart, DW Heaviside, 
AS Hunter, HH Bain, and JA Eyre (Newcastle 
upon Tyne). 


Advances in surgical and anaesthetic techniques 
have led to a decrease in mortality from cardiac 
surgery but there is increasing concern about the 
neurological morbidity. We have reviewed the notes 
of all children undergoing cardiac surgery in the 
Regional Cardiothoracic Centre during May 1985- 
April 1987. In 312 children aged 1 day—15 years 
(median 2-5 years) 325 operations were performed: 
188 cardiopulmonary bypass (CPB), 137 closed 
heart (CH). Follow up was from one month to three 
years (mean 1-3 years). 

Within two weeks of operation 39 (12-5%) died 
and in total 60 (19%) died within the follow up 
period, 37 (20%) CPB and 16 (18%) CH. A total 
of 273 survived the immediate postoperative period: 
158 CPB and 115 CH. Forty (15%) had neurological 
sequelae diagnosed, 22 (14%) CBP, and 17 (15%) 
CH. Peripheral neuropathies occurred in 2 (1%) 
CPB and 11 (10%) CH. CNS lesions were noted in 
26 (10%): 20 (13%) CPB and six (5%) CH. These 
resulted in moderate or severe handicap in 13. 

High risk factors for death or neurological 
sequelae were (i) prolonged cardiopulmonary 
bypass and aortic clamp times; 84 and 47 mins 
respectively for normal survivors, 126 and 62 mins 
for abnormal survivors and 157 and 88 mins for 
those who died p<0-001; (ii) circulatory arrest 
which occurred in 12, four (30%) died, four (30%) 
had neurological sequelae; (iii) age <3 years. 
Postoperative mortality for children <3 years was 
22% CBP and 11% CH compared with 5% and 4% 
respectively for those >3 years (p<0-01). In the 
survivors neurological sequelae occurred in 26% 
CPB and 12% CH (<3 years) and 5% and 11% 
Tespectively for >3 years (p<0-01). 

There remains a high incidence of neurological 


British Paediatric Association 1219 


morbidity in survivors of cardiac surgery despite 
intensive postoperative care. More research is 
needed into the pathophysiology of the brain 
damage so that appropriate measures can be taken 
to minimise the cerebral consequences of cardiac 


surgery. 


The prevalence of Campylobacter pylori in Gambian 
children and its relationship to malnutrition. JE 
Thomas, PB Sullivan, EJ Eastham, G Neale, P 
Mackie (Newcastle upon Tyne and Cambridge). 


Malnutrition in children in the developing world is 
often associated with achlorhydria. C pylori is 
known to cause gastritis, with transient achlorhydria 
following acute infection. C pylori is rare (1%) in 
children <10 years of age in this country, but may be 
common in children in the tropics. We therefore 
investigated the prevalence of C pylori in Gambian 
children, and its relationship to malnutrition. 

The study was divided into two phases: Phase 1: 
20 consecutive children undergoing upper GI endos- 
copy aged 5 months—9 years. Sixteen had active 
gastritis, and C pylori was seen in 11 cases. Fourteen 
of the patients with gastritis had high circulating 
specific antibodies against C pylori as measured by 
ELISA. A high specific IgG titre of >1:10,000 was 
found in active infection with gastritis. Phase 2: A 
cohort of 361 children, aged <5 years, from one 
village had serum anti C pylori IgG assayed, and 
height, weight, and age recorded. The prevalence of 
specific IgG titres of >1:10,000 increased from 14% 
in the 0-20 month age group to 46% in the 40-60 
month group. 

In children aged <30 months, specific IgG titres 
>1:10,000 were found in 11/39 (28%) whose height! 
weight ratio was <75% mean for age, and in only 
14/116 (12%) children whose height/weight ratio 
was >75% for age (p<0-025). No such difference 
was found in older children. These data show that C 
pylori is common in young Gambian children, and 
that it is associated with malnutrition. 


Evaluation of the usefulness of neonatal screening in 
cystic fibrosis. G Owen, S Chatfield, HC Ryley, MC 
Goodchild, and P Weller (Cardiff and Birming- 
ham). 


A study was set up in January 1985 to evaluate the 
effect of neonatal screening for cystic fibrosis (CF) 
by immunoreactive trypsin (IRT). The tests have 
taken place on alternate weeks only, in Wales and 
the West Midlands, so that two groups, screened 
and unscreened, have been generated in each 
region. In addition, we have compared the effects of 
continuous flucloxacillin and intermittent anti- 
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bictics. Detailed clinical and biochemical tests are 
carried out annually on each child. 

By the end of October 1988, 173 931 infants have 
been screened, of whom 50 were found to have CF. 
During the same period, a further 44 CF infants and 
young children were detected on clinical criteria. 
Clinical comparison reported here is between 
screened and unscreened patients and excludes 
those who have presented with meconium ileus or 
who had a family history of CF. 

Analysis of age at diagnosis showed a significant 
difference: 67+29 days for screened, 2134229 days 
for the unscreened, p<0-001. Clinical values and 
scares, at one and two years, tended to be better for 
the screened than the unscreened, but differences 
were not significant. Neither regime of antibiotic 
treatment showed an advantage at the age of 2 
years. f 


‘A gene for atopy and atopic asthma located on 
chromosome 11q13. WOCM Cookson, PA Sharp, 
and JM Hopkin (Oxford). 


Atopy, the state of allergic responsiveness to 
inhaled proteins, underlies the common disorders of 
asthma and allergic rhinitis. Although recognised as 
familial, the genetic basis for atopy has not previously 
been elucidated. We first studied the parents of 20 
randomly selected atopic asthmatics aged 12-15 
years. Eighteen children (90%) had at least one 
atopic parent, so that 63% of the parents were 
atopic, in contrast with the 25% ‘of parents of 
controls (who were admitted to hospital with non- 
‘atopic illnesses) (y’=11-2, p<0-005). In five ex- 
tended families, 57 of 92 children resulting from 
atopic/non-atopic matings and 16 of 25 children 
from atopic/atopic matings were themselves atopic, 
consistent with the segregation of an autosomal 
dominant trait. 

Linkage analysis with DNA restriction fragment 
length polymorphisms located the atopy gene to 
chromosome11q13 (probe p A MS.51: a maximum 
lod score of 4-13 at a recombination fraction of 
0-13). 

Atopy is a genetic illness: characterisation of the 
atopy gene and its product may permit more 
successful pharmaceutical control of the common 
and disabling diseases of asthma and rhinitis. 


High frequency oscillation: an investigation into its 
use in the surfactant deficient lung. E O’Callaghan 
and A Padkin (Bristol and Toronto). 


High frequency oscillation (HFO) is a hew ventila- 
tion technique which, in the treatment of respiratory 
distress syndrome (RDS), has been shown to reduce 
hyaline membrane formation and increase O; deliv- 


ery and CO, removal when compared with conven- 
tional mechanical ventilation (CMV). 

The pressure/volume relationship in the surfac- 
tant deficient lung exhibits hysteresis. To use HFO, 
expansion of the lungs must first take place using a 
brief sustained inflation (SI) to a mean airway 
pressure (MAP) which exceeds the opening press- 
ure. The MAP can then be reduced to a main- 
tenance pressure slightly greater than the critical 
closing pressure. The aim of our project was to 
determine the opening and critical closing pressure 
using an animal model. 

Five adult rabbits were studied. Following anaes- 
thesia and tracheostomy saline lung lavage was 
performed and ventilation maintained on CMV for 
90 minutes. HFO was then initiated with a SI for 15 
seconds at a MAP of 30 cm H,O. The MAP was 
then decrementally reduced to the point of lung 
collapse, as indicated by a PaO, measurements. 
Subsequently, to determine opening pressure, MAP — 
was increased in steps until lung re-expansion 
occurred. f 

HFO was seen to confer a substantial benefit in 
oxygenation compared with CMV. On HFO critical 
closing pressure lay between 14 cm HO and 10 cm 
H20. The opening pressure was approximately 24 
cm H,0. 

This experiment defined the opening and critical 
closing pressures of the surfactant deficient lung in 
an animal model. A more informed choice of 
ventilator pressures for both SI and maintenance on 
HFO is now possible. . 


Screening for short stature—The Wessex Growth 
Study. L Voss, J Walker, H Lunt, T Wilkin, and P 
Betts (Southampton). 


The Wessex Growth Study is a longitudinal com- 
munity survey of all 5 year olds <3rd centile for | 
height, entering school from 1985-6 and 1986-7. 
The aim is to monitor the growth, psychological 
development, and school progress of very small 
children and to compare those on GH therapy with 


. an untreated group and with matched ‘normal’ 


controls. Results of screening the 1985-6 entrants 
for short stature, and growth patterns over the first 
12 months are described. 

Only 1-3% of entrants fell <3rd centile, as 
defined by Tanner and Whitehouse, suggesting a 
strong secular trend and the urgent need to revise 
UK growth charts. A few children had underlying 
pathology (8%) but many more had small parents 
(34%), delayed bone age (42%), or were small for 
dates (44%). As many as one in four may be ` 
suffering from psychosocial deprivation. Prelimin- 
ary data shows that the small children are behind 
their controls at age 5 in language and number skills. 


Thirty eight percent had poor 12 month velocities 
(<25th centile), including many whose cause of 
short stature appeared evident (for example, fami- 
lial). Twenty percent had two successive six month 
velocities <25th centile. = 

Although as a group the short children grew more 
slowly than their controls, the velocity in 88% of 
cases however lay within the control range. Further- 
more, the lack of correlation between two successive 
six and even 12 month velocities suggests the need 
for great caution in both diagnosing growth failure 
and interpreting response to treatment in any 
individual. 


Trends in the birth prevalence of cerebral palsy 
(CP). T Cooke, POD Pharoah, L Rosenbloom, and 
RWI Cooke (Liverpool). 


A register of children with cerebral palsy born in 
` 1966-1984 to mothers resident in the Mersey region 
has been compiled from several different data 
source to ensure completeness of ascertainment. 
The birth prevalence trend covering the first part of 
this period—that is, 1966-1977—-has already been 
reported.! The present report extends the trend to 
cover the period 1978-1984. The prevalence of CP 
among normal birthweight infants (>2500 g) has 
remained constant throughout the period of study. 
Among low birthweight (1501-2500 g) and very low 
birthweight infants (<1500 g) the prevalence of CP 
has shown a 2-3 fold rise. It has occurred among all 
types of CP but has been most striking among the 
diplegias. 

In contrast to the earlier report when 8% of 
infants weighing 2500 g or less with CP received 
artificial ventilation, in the new cohort 56% were 
ventilated. This may be a consequence of increased 
use of neonatal intensive care. 


Reference 
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Randomised trial of treatment for posthaemorrhagic 
ventricular dilatation. A Whitelaw (Oxford). 


Very low birthweight infants who develop progres- 
sive ventricular dilatation following intraventricular 
haemorrhage (IVH) are at high risk of disabling 
` neuromotor impairments. As raised CSF pressure 
may impair cerebral perfusion, we hypothesised that 
early drainage of CSF might improve the prognosis. 

A collaborative study in 15 neonatal units in 
England, Eire, and Switzerland enrolled 157 infants 
whose ventricular width had enlarged to 4 mm over 
the 97th centile after IVH. One group was rando- 
mised to immediate intervention with serial lumbar 
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punctures or ventricular taps. Treatment was 
delayed in the other group until two weeks excessive 
head growth had occurred or symptomatic raised, 
intracranial pressure developed. Thirty infants died 
and six could not be followed. A total of 121 infants 
have had full assessment by the same developmental 
paediatrician. There was no difference in the Grif- 
fiths Developmental Subscales or numbers of infants 
with severe disabilities when the two treatment 
groups were compared. Seven out of 77 infants 
treated with early taps developed ventriculitis (with- 
out surgery) and three of these died with ventriculi- 
tis. Only three out of 80 conservatively managed 
infants developed ventriculitis (without surgery) and 
none died with ventriculitis. Early taps did not 
significantly reduce the need for later shunting. 
Thus early tapping conferred no advantage in 
neurodevelopmental outcome and may carry an 
increased risk of CSF infection. 


National survey of childhood onset diabetes, 1988. 
JD Baum, MA Metcalfe, EAM Gale, and RJ Jarrett 
(Bristol and London). 


There is no accurate national epidemiological data 
on childhood onset diabetes in the British Isles. 
Through the facilities of the British Paediatric 
Surveillance Unit (BPSU) new cases have been 
notified for the calendar year 1988. A total of 1007 
cases have been reported to the BPSU so far (mid- 
November 1988) by 312 paediatricians, seven 


‘physicians, and seven parents. There are consider- 


able regional differences in the incidence of 
reported cases: for example, the incidence in East 
Anglia is more than double that of the adjacent 
North West Thames (11-6 cf 4-4 per 100 000 aged 
<16 years respectively). There have been note- 
worthy monthly variations in incidence with most 
diagnosed in February (109), and falling sharply 
from April to May (97 to 70). Sixty one cases (so far) 
were diagnosed in June; data for more recent- 
months is being collected. Some detailed informa- 
tion is currently available on 615 of the 1007 
children. There is no sex difference in incidence 
(males 316, females 299).. The mean age at diagnosis 
is 8-7 years (range 0-1-15-9). 24% of cases are under 
five years. To date 281 parental questionnaires have 
been returned. This small number reflects the 
natural time sequence of the study: there is no 
indication of parental unwillingness to reply. The 
questionnaires will provide information on family 
history, social and educational background, and 
details such as infant feeding. It is anticipated that 
by April 1989 the great majority of cases will have 
been identified, and substantial information avail- 
able for analysis. 


Think about it 


You make a clinical diagnosis. 
Do you ever consider the 
thought processes by which 
you arrived at it? Medical 
students and practitioners are 
often concerned with 
examples of diagnostic logic, 
but seldom consider them in 
the context of a general 
philosophy. Is diagnostic logic 
out on a limb, or is it based on 
the same principles as logic in 
general? 


In Logic in Medicine doctors 
and philosophers combine to 
provide a coherent system of 
diagnostic logic with a broader 


view of the science and art 
The abstract theory of theories of reasoning. 


has highly practical 
applications, and the authors 
explore the uses of computer 
technology and artificial 








intelligence systems as well 

as “fuzzy logic,” “relevant LOGIC IN 
logic,” and the logic of MEDICINE 
economics and ethics. A book poo 


for all who wish to clear their 
minds of cant. 
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Annotation 


Fragile X mental retardation 


It used to be said that diabetes was a geneticist’s 
nightmare. The number one nightmare position may 
well have been taken over by fragile X mental 
retardation, which behaves deceptively as if it is 
caused by a standard X linked gene, but can be 
passed through completely normal males, and 
although it can be diagnosed by cytogenetic tech- 
niques, it has to be on a good day when all the 
laboratory conditions are optimal! It has also been 
mapped on the X chromosome by extensive efforts 
using the new molecular genetic techniques— 
although the map is only about as good as saying 
that Birmingham is somewhere between London 
and Manchester. 

This is not to say that progress has been lacking in 
the understanding of this elusive condition or that 
the level of research activity is not intense. The 
incidence of the condition is so high that it is thought 
to be the second most common genetic cause of 
mental retardation after Down's syndrome. Reliable 
estimates of prevalence read like the sort of over- 
exaggeration seen in grant applications: 0-3-1/1000 
in males and 0-2-0-6/1000 in females, but these 
numbers have been verified by several studies.” ° 

The term fragile X retardation derives from the 
unusual appearance of the distal portion of the long 
arm of the X chromosome in a proportion of cells of 
affected individuals. At metaphase the two chroma- 
tids appear to be thinned to a thread with the 
terminal tips hanging on like a pair of inverted 
commas (figure). Such thinning of the chromatin is 
termed a fragile site. Special culture conditions are 
needed for the cells to express the fragile site—low 
folate and thymidine or treatment with fluorodeoxy- 
uridine or methotrexate. Even then the fragile X 
chromosome is not seen in every cell. In affected 
males 4-50% of cells may show the fragile site, in 
female gene carriers of the condition the proportion 
is less, and in about 50% of these females the fragile 
X chromosome cannot be detected at all.? 

The condition causes a non-specific form of 
mental retardation—that is, without major dysmor- 
phic features or severe neurological abnormalities. 
Before puberty it is probably impossible to make a 
confident diagnosis clinically, although affected 
children may be slightly taller than average, with a 
larger than average head circumference, and 





Figure Fragile X syndrome—what the cytogeneticist sees. 
In this unbanded chromosome preparation from one cell of 
an affected male the arrow points to the fragile site on the X 
chromosome. The end of the chromosome is separated from 
the proximal part by a thinned segment of chromatin—the 
fragile site itself. 


perhaps loose joints. Developmental assessment in 
boys ranges from 20-70 and speech may be particu- 
larly affected. A characteristic speech pattern has 
been noted—so called ‘cluttering’ or hurried, repeti- 
tive sentences that come out in a rush. The incidence 
of the condition has been found to be increased in 
children with autistic features and ranges from 
0-15% of males in different studies.> The incidence 
in autistic females may be lower.° After puberty the 
testes are usually significantly enlarged and the face 
is long with a large, squared off mandible and large 
ears. 

Approximately 30% of female gene carriers have 
mild to moderate developmental delay, with occa- 
sional severely affected individuals. There is some 
correlation between the percentage of cells express- 
ing the fragile X chromosome and the degree of 
retardation in females. 

Treatment with high doses of folic acid has been 
tried, but no significant improvement of behaviour 
or performance has been recorded in blind trials.’ 

Prenatal diagnosis can be carried out by cyto- 
genetic techniques. The most reliable method is to 
look at the chromosomes of fetal lymphocytes 
obtained by fetal blood sampling. Cells from amnio- 
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tic fluids or a chorionic villus sample can also be 
studied; however, techniques for encouraging the 
expression of the fragile site are at present less 
reliable in these tissues.’ A further complication 
arises if a female fetus. is detected that shows a 
significant proportion of cells with a fragile X 
chromosome. In this case there may be a 30% 
chance of mild to moderate developmental delay—a 
situation that makes decision about termination 
difficult for the parents and clinicians. 

One. of the alternative names for the condition, 
Martin-Bell syndrome, comes from a report of a 
very large pedigree studied before the fragile X 
chromosome was discovered.’ Subsequent cyto- 
genetic analysis has shown the fragile X chromo- 
‘some in affected members. The family reported 
illustrates some of the unusual genetic features of 
the condition. A cursory look at the pedigree reveals 
affected males linked by normal or mildly retarded 
fernales—standard ‘semi-dominant’ X linked inheri- 
tance. However, closer inspection shows that there 
are also completely normal males in the family who 
appear to have passed. on the gene to their normal 
daughters, who then go on to have affected sons. 
These ‘normal transmitting males’ must carry an 
abnormality at the fragile X locus but it is not certain 
whether this is the full mutation, which is masked by 
genes at separate loci or by other genetic inter- 
actions, or whether they carry a premutation that 
predisposes to the generation of the full mutation 
when it is passed through their normal daughters to 
their grandsons. In any event, it seems as though 
there must be nove] genetic mechanisms operating 


at the fragile X locus to explain the unusual 
` inheritance pattern. ; 


Molecular genetic studies have shown polymor- 


phic DNA markers close to the fragile X locus that ' 


might potentially be used for prenatal diagnosis or 
for carrier detection, however, even here there are 
difficulties. There is evidence that some DNA 
markers are closely linked in some families (or parts 
of families) but not in others, making them unreli- 
able for clinical use. When new, closer markers are 
discovered, many families will have to be studied 
before the risk of similar ‘linkage heterogeneity’ can 
be ruled out and the probes can be used clinically.‘ 

Meanwhile, the only reliable means of prenatal 
diagnosis is by additional examination of fetal 
chromosomes and there is no completely reliable 


method of excluding carrier status in females who 
don’t express the fragile X chromosome. 

The general paediatrician must suspect the condi- 
tion in a child of either sex with non-specific mental 
retardation, evén in the absence of a family. history. 
Requests for cytogenetic analysis must mention the - 
possibility of fragile X syndrome and cases must be | 
selected carefully. Appreciable microcephaly, dys- 
morphic features, or abnormal neurological features 
make the diagnosis very unlikely and the cytogenetic 
laboratory should not normally be asked to carry out 
fragile X analysis on these cases. Even with careful 
selection, complete ascertainment of all cases eligible 
for fragile X analysis in a region would overwhelm 
most cytogenetic laboratories without special 
resources. A planned programme, giving initial 
priority to cases where family members are envisag- 
ing further children, may be necessary. 

Families of affected children should be referred to 
genetic centres as the complex inheritance pattern 
and problems with carrier detection and prenatal 
diagnosis make genetic follow up far from straight- 
forward. 
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The Resuscitaire 165 provides all the 
basic facilities necessary to help 
babies born with breathing difficulties 
survive the immediate post-natal 
period. Its compact, self contained 
construction makes it easily mobile for 
use in the ward or theatre. It's 
comprehensive facilities makes the 
Resuscitaire 165 a totally practical 
and comprehensive resuscitation 


system. 


The Neocrib is an alternative clinical 
approach to the incubator for the 
intensive care of the sick and preterm 
neonate. It provides continuous 
unrestricted access, clear visibility and 
a safe controlled thermal neutral 
environment. Built in features include 
sophisticated temperature control, 
large clear digital displays, fold down 
side walls, continuously variable bed 
tilt, two monitor shelves and IV pole 
and X-ray cassette tray. 


The Neocare Mk2 incubator available 
in both air and baby modes, provides 
the safe, warm environment, essential 
in caring for the critical neonate. In 
addition to the standard bi-directional 
air flow system, independent 
temperature control and 
measurement, and comprehensive 
alarm system there is a wide range of 
optional accessories available which 
can tailor the Neocare for handling 
any situation in neonatal care. 
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Original articles 
Early experience of heart-lung transplantation 


R L SMYTH, T W HIGENBOTTAM, J P SCOTT, J PMcGOLDRICK, B WHITEHEAD,” P HELMS,* 
M pe LEVAL,* AND J WALLWORK 


Heart-Lung Transplant Research Unit, Papworth Hospital and *The Hospital for Sick Children, Great 
Ormond Street, London 


SUMMARY We report our experience of heart-lung transplantation for the treatment of children 
with terminal respiratory disease. Between May 1987 and October 1988 we performed heart-lung 
transplantation in five children under the age of 16 (age range 11-15). All the patients were 
severely disabled by dyspnoea and hypoxia. Two had primary pulmonary hypertension, two 
cystic -fibrosis, and one had Eisenmenger’s syndrome. 

All five children are alive and well five to 17 months after operation and have returned to 
activities normal for their age. Three of the five patients had episodes of infection after 
operation. These were staphylococcal pneumonia, herpes simplex pneumonitis and, in one of the 
patients with cystic fibrosis, persistent purulent sputum. The mean number of episodes of 
rejection per child was 2-7 per half year. Heart-lung transplantation is a practical treatment for 


children in these disease groups with terminal respiratory failure. 


In 1981 after the introduction of cyclosporin and the 
development of a new surgical technique, heart-lung 
transplantation began to yield satisfactory results. 
First introduced as a treatment for pulmonary 
vascular disease, heart-lung transplantation was 
extended to treat end stage lung disease” and then 
cystic fibrosis.? Since 1984 we have performed 51 
heart-lung transplantations. As experience 
increased and survival improved’ recipient selection 
was expanded to include older and younger patients. 
We report here our experience in five children 
under the age of 16 years (range 11-15 years) who 
had a heart-lung transplantation between May 1987 
and October 1988. 


Patients and methods 


` Between March 1985 and October 1988, 33 children 
below the age of 16 were referred for assessment 
of their suitability for heart-lung transplantation. 
Thirty of these have been assessed and 15 were 
placed on the active waiting list for transplantation. 
Ten were considered to be suitable but not suffi- 
ciently disabled to require transplantation and were 
placed on a ‘provisional’ waiting list. Five patients 
were felt to be unsuitable, four because they were 
too well and the other because of profound intel- 
lectual difficulties. Two of the 10 patients for whom 
donor organs did not become available died, both 


within two months of assessment, and four patients 
died waiting to be assessed. Suitable donor organs 
became available for five of the 15 patients 
accepted. 

Preoperative assessment included determination 
of the degree of disability, including requirement for 
home oxygen, evidence of other organ malfunction, 
and the presence of right ventricular failure. Res- 
piratory function testing included spirometry 
(Vitalograph Ltd), single breath transfer for carbon 
monoxide (P K Morgan), measurement of lung 
volumes by whole body plethysmography: (Jaeger 
Bodyscreen II Body Box, Eric Jaeger GmbH and 
CoKG), and helium dilution (Spectromed Ltd). All 
patients underwent a 12 minute walk with con- 
tinuous arterial oxygen saturation measurement 
using pulse oximetry (Datascope Accusat Pulse 
Oximeter, Datascope). The 12 minute walking 
distance was measured together with the minimum 
arterial oxygen saturation achieved during this 
exercise.” 

Donor and recipient matching was, in the first 
instance, by ABO blood group compatibility and 
cytomegalovirus antibody status. The donor and 
recipient were matched for size by taking measure- 
ments of the height of the thoracic vertebral column 
and width of the rib cage on the chest radiograph.° ` 

Donor lungs were considered suitable if they had 
normal compliance (peak inspiratory pressure below 
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2-67 kPa, tidal volume of less than 15 ml/kg, 
respiratory rate of between 10 and 14 breaths/ 
minute), normal gas exchange (arterial partial 
pressure of oxygen greater than 15 kPa with frac- 
tional inspired oxygen of 30%), and no evidence of 
pulmonary infection.* As these criteria are so 
precise less than 20% of heart donors are acceptable 
as lung donors.’ 

Thé technique for heart-lung transplantation has 
been previously described.2° All grafts were 
distantly procured at the donor hospital. The 
ischaemic times were 150-188 minutes. Immuno- 
suppression was maintained with oral cyclosporin 
and azathioprine. The dose of cyclosporin was 
adjusted to give a whole blood concentration of less 
tkan 1000 ug/ml, a plasma concentration less than 
300 ug/ml, and a concentration of azathioprine to 
keep the total white cell count above 5-0X10%/1. 
Rejection episodes were treated with intravenous 
methylprednisolone 500 mg, daily for three days 
followed by oral ; zednisolone 1 mg/kg/day reducing 
tc 5-10 mg/day over a period of 10 days. Patients 
remained on this dose until the episode of rejection 
was deemed on clinical or histological grounds, or 
both, to have resolved. 

Postoperatively patients were monitored clini- 
celly, radiologically, and by pulmonary function. A 
microspirometer (Micromedical Ltd) was used to 
record forced expiratory volume in one second 
(FEV) (figure). Fever, dyspnoea, crackles on 
auscultation, radiologic shadows, and a fall in FEV,, 
suggesting lung rejection or infection, were an 
indication to perform fibreoptic bronchoscopy and 
transbronchial biopsy.’°!? Routine transbronchial 
biopsy was performed at three months and then 
yearly after operation. Routine endomyocardial 
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Figure Forced expiratory volume in one second (FEV,) 
expressed as a percentage of the predicted'* plotted against 
time since transplantation for each patient. 


biopsies do not contribute to patient management 
and were not performed.” Rejection was distin- 
guished from infection by the presence. of peri- 
vascular lymphocytic infiltrates. Viral pneumonitis 
was confirmed histologically by the presence of 
diffuse alveolar damage in association with viral 
inclusion bodies.!° 


Results 


Preoperative details of the five patients who re- 
ceived heart-lung transplants are shown in table 1. 
The FEV, measured was compared with values 
predicted for sex and height in children. All 
patients were severely disabled with a 12 minute 
walking distance of less than 350 metres. Both 
patients with cystic fibrosis required continuous 
oxygen treatment and had evidence of right ventri- 
cular failure requiring diuretic treatment. There was 
no evidence of renal or hepatic dysfunction and 
fasting blood glucose concentrations were normal in 
all cases. The three patients with pulmonary 
vascular disease had cardiac catheterisation per- 
formed as part of their assessment. All had raised 
pulmonary artery pressure and reduced cardiac 
output (table 2). f 

The preoperative diagnosis in patient 2 was 
thought to be Eisenmenger’s syndrome secondary to 
an ostium primum atrial septal defect. On examina- 
tion of the explanted organs no intracardiac shunt 
was shown and a diagnosis of primary pulmonary 
hypertension was made. 

Mean time from acceptance onto the waiting list 
and transplantation was 2:4 months. The predicted 
total lung capacity for the donor! and the measured 
total lung capacity for the recipient showed that 
satisfactory size matching was achieved (table 3). 
Postoperative complications are shown in table 4. 
Patient 1 was weaned off cardiopulmonary bypass 
with difficulty because of left ventricular dysfunction 
possibly associated with a subendocardial infarction 
in the donor heart. The heart failure was refractory 
to B agonists, but enoximone (Merrell Dow 
Pharmaceuticals Ltd), a phosphodiesterase inhibi- 
tor, restored haemodynamic stability and there were 
no long term cardiovascular sequelae. The early 
postoperative course in patient 4, who had had two 
previous thoracotomies, was complicated by 
recurrent bleeding necessitating surgical interven- 
tion on three occasions. Serial spirometric studies 
showed an early postoperative fall in FEV, (figure), 
which subsequently rose, as in patient 2, to around 
100% predicted value. In patients 1 and 3 this 
increase in FEV, was delayed by episodes of rejec- 
tion. There was a mean of 2-7 episodes of rejection 
per child per six months. 
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Table 1 Details of sex, diagnosis, and age at time of transplant, and assessment details for each patient treated with 


heart-lung transplantation 


i ntl 








Patient Diagnosis Age at FEV, Blood gases 12 minute walk 
No (sex) transplant (% predicted) in air (kPa) 
Distance Lowest arterial 
pCO, pO2 walked oxygen 
(metres) saturation (%) 
1 (M) Primary pulmonary 
hypertension 12 64 * s 310 * 
2 (F) Primary pulmonary 
hypertensicn 15 33 z * Unable to perform walk 
3 (P) Cystic fibrosis 11 16 7-2 7-2 240 79 
4 (F) Eisenmenger’s syndrome 15 56 5-4 3-8 300 68 
5 (F) Cystic fibrosis 14 19 7-4 5-9 260 74 





*Data not available. 








Table 2 Data froin cardiac catheterisation on three 
patients with pulmonary vascular: disease 

Patient No 

i 2 aw 
Time before transplantation (months) 3 18 1 
Mixed venous oxygen saturation (%) 57 59 s5 
Mean pulmonary artery pressure (kPa) 13-50 9-33 67 
Cardiac index (1/min/m?) 1-9 1-1 1-9* 


*Pulmonary flow index. 


Table 3 Total lung capacity (in litres), measured by whole 
body plethysmography (patients 1—4) and by helium 
dilution (patient 5), predicted and measured for each 
recipient compared with the predicted total lung capacity'* 
for each donor 








Patient Recipient Donor-predicted 
No 
Predicted Measurement 
1 3-68 3-8 3-75 
2 4-46 -4-0 4-53 
3 2-78 3-41 2-4 
4 3-59 2:97 3-47 
5 2-73 1-93 2-23 





Table 4 Postoperative complications 


The first patient was cytomegalovirus antibody 
negative, but received organs from a donor who was 
positive as the result of a false negative latex 
agglutination test performed at the donor hospital. 
He was given prophylactic hyperimmune ‘globulin 
when the mismatch was identified. On day 32 he 
developed increasing shortness of breath and a 
decline in respiratory function tests (figure). 
Cytomegalovirus pneumonitis was suspected, a 
transbronchial biopsy was performed and he was 
treated with the antiviral agent ganciclovir 
(Cymevene, Syntex). Histological examination 
showed evidence of acute rejection without any of 
the typical changes of cytomegalovirus pneumonitis. 
He was then treated for rejection, which resulted in 
symptomatic improvement and a rise in FEV,. 
There was no rise in antibody to cytomegalovirus, 
and viral cultures were negative. 

Patient 4 presented on day 50 with florid herpes 
simplex lesions in the mouth, a spiking temperature, 
and radiographic features of pneumonitis. The 
specimen obtained at transbronchial biopsy, al- 
though not specific for herpes simplex pneumonitis, 
showed viral pneumonitis and the patient responded 
promptly to treatment with intravenous acyclovir. 

Patients 4 and 5 had evidence of growth delay 
preoperatively; heights were below the 10th centile 














Patient No Early postoperative Episodes of infection No of episodes of Time since heart-lung 
complications rejection* transplantation (months) 
Left ventricular dysfunction Staphylococcal pneumonia 5 17 
3 13 
Persistent sputum infection 5 7 
Bleeding from the chest wall Herpes simplex pneumonitis 4 5 
4 4 


UabwWNre 





“Diagnosed by histological examination. 
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for age and carpal bone ages were three and four 
years, respectively, behind their chronological ages. 
Patient 1, whose height at the time of heart-lung 
transplantation was above the 50th centile, 15 
months later has a height just above the 25th centile, 
probably the effect of repeated courses of predniso- 
lone required to treat rejection episodes. 


Discussion 


After -success in adults, cardiac transplantation is 
now an accepted treatment for children with end 
stage cardiac disease.‘*'’ Our early experience 
suggests that heart-lung transplantation is an 
acceptable procedure in children. 

The number of children who may benefit from 
heart-lung transplantation may be assessed by 
examining the mortality statistics for the age group 
5-15 in England and Wales. In 1986 the number of 
deaths for cystic fibrosis, Eisenmenger’s syndrome, 
and primary pulmonary hypertension, were 40, 17, 
and three respectively. The number of patients 
represented with primary pulmonary hypertension 
may be an underestimate because, as our second 
case clearly illustrates, it may not be possible to 
diagnose it in life. This may also be true for Eisen- 
menger’s syndrome where the diagnosis is fre- 
quently omitted from death certificates. 

Patients are selected if they are considered to 
have a poor prognosis. In primary pulmonary hyper- 
tension, prognosis appears to be associated with low 
mixed venous oxygen saturation (SVO3%). Fuster et 
al have shown that patients with an SvO,% below 
63% have only a 17% chance of surviving untreated 
for three years, and those with an SYO-% of 63% or 
above have a 55% chance of surviving this period.'® 
Survival in untreated Eisenmenger’s syndrome is 
more difficult to predict and we have been guided 
largely by the patient’s symptoms. We are currently 
evaluating the minimum arterial oxygen saturation 
and distance walked in the 12 minutes as an indica- 
tion of cardiorespiratory disability.° In heart disease 
a raised pulmonary vascular resistance precludes 
heart transplantation,” and for these patients heart- 
lung transplantation is a therapeutic option. 

Hypoxic hypercapnic respiratory failure associ- 
ated with right axis deviation on the electrorardió- 
gram is an ominous sign in cystic fibrosis.!? The 
FEV,, a further prognostic indicator,” was below 
30% of the predicted value in all of the patients y with 
cystic fibrosis accepted onto our waiting list.> 

Contraindications to heart-lung transplantation 
include other organ dysfunction. This is particularly 
relevant in patients with cystic fibrosis. Evidence of 
liver disease makes surgery hazardous because of 
clotting abnormalities and has implications for long 


term survival. Such patients may be considered for 
combined heart, lung, and liver transplantation.*! 
Previous cardiothoracic surgery heightens the risk of 
bleeding postoperatively. Previous pleurectomy or 
pleurodesis are currently contraindications to 
surgery, but a previous thoracotomy for the correc- 
tion of cardiac anomalies as in patient 4, or 
lobectomy, are not contraindications. High dose 
Steroid treatment delays wound healing and we 
reduce treatment to the minimum dose possible 
while the patient is awaiting the transplant. 

Infection and rejection are the major problems 
encountered in long term patient management. 
Monitoring of lung function allows early detection 
of infection and rejection,” and the diagnosis is 
confirmed by transbronchial biopsy.’ 12 Primary 
cytomegalovirus pneumonitis, which is a common 
cause of death in heart-lung transplantation, occurs 
when cytomegalovirus antibody negative recipients 
receive organs from donors who are antibody posi- 
tive. A rapid test of cytomegalovirus antibody status 
became available in 1985 and has enabled us to 
ensure that cytomegalovirus negative recipients 
receive organs only from negative donors.” Since 
this policy was adopted there have been no further 
deaths from organ transmitted cytomegalovirus 
disease.” 

In our series of 51 recipients of heart-lung 
transplants we have had five cases of herpes simplex 
pneumonitis. Herpes simplex pneumonitis has been 
previously reported in recipients of heart-lung trans- 
plants, but proved fatal.” The prompt diagnosis by 
transbronchial biopsy and early treatment with 
acyclovir contributed to a successful outcome in 
patient 4. 

The actuarial survival of 78% and 68% at one and 
two years respectively that we have reported for all 
heart-lung transplant recipients supports an optimis- 
tic outlook for transplantation in children.4 Major 
concerns in the paediatric age group relate to 
chronic rejection and the long term side effects of 
immunosuppression. We have shown that the 
development of obliterative bronchiolitis is related 
to previous inadequately treated episodes of rejec- 
tion.” Therefore adequate immunosuppression and 
early detection and treatment of rejection episodes 
should improve survival. There is a significant long 
term morbidity related to the use of both cyclo- 
sporin and corticosteroids. Morphological changes 
in the kidney after treatment with cyclosporin 
include interstitial fibrosis and glomerular sclerosis, 
which may be related to a cyclosporin induced 
reduction i in renal blood flow and glomerular filtra- 
tion rate.” We use steroids routinely only for the 
treatment of rejection episodes and so would anti- 
cipate that steroid induced growth suppression will 


be a problem only in that group of patients, of whom 
patient 1 is a typical example, who experience 
recurrent episodes of rejection. 

Heart-lung transplantation is acceptable treat- 
ment for children with terminal respiratory disease. 
Although information on long term survival is not 
yet available, the improved quality of life in the 
short term in the children we have treated is 
encouraging. 


Dr Smyth is supported by the Cystic Fibrosis Research Trust. We 
thank the staff of donor hospitals for their helpful cooperation and 
Mr Ben Milstein for his editorial comments and criticisms. 
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Commentary 


J O WARNER 


National Heart and Lung Institute, 
Hospital, London 


Brompton 


The development of heart-lung transplantation as a 
new treatment for severe irreversible respiratory 
failure has given new hope to a large number of 
patients and their families facing the prospect of 
premature death. The extension of this procedure to 
the paediatric age range was inevitable and it is reas- 
suring that the results that have been obtained from 
the first few cases are at least as good as those in 
adults. Any paediatrician who has the experience of 
seeing a child in terminal respiratory failure, 
miraculously given new life after a transplant, can 
only be immensely optimistic and positive about this 
procedure. However, it is most important that it 
should be put into perspective with a clear under- 
standing of what is involved. 

A practical treatment it may be for children in 
terminal respiratory failure. However, only a few 
individuals in this predicament will benefit from 
transplantation. From the Papworth experience so 
far, only 15% of referred patients have benefited. 
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The question that must be asked is whether the 
anguish of the remaining 85% is sufficiently offset 
by the successful outcome in the minority. 

The Brompton Hospital paediatric respiratory 
department has assessed 18 children for transplant 
over the last two and half years. Only two have, so 
far, been transplanted. One remains well two years 
later and the other, after 15 months, has had a 
number of complications, including cytomegalovirus 
pneumonitis, which is currently controlled on 
ganciclovir and several rejection episodes culminat- 
ing in the development of severe obstructive airways 
disease. Five children were accepted on the high 
priority waiting list for transplantation. Two of these 
patients have died and the other three are still alive. 
Eight referred patients were considered unsuitable 
for tranplantation: five for medical reasons; two 
who were not considered sufficiently ill to warrant 
transplantation; and one with major psychosocial 
problems who was an extremely poor complier with 
treatment. Amazingly the parents of three children 
referred for tranplant, on further reflection, did not 
wish their children to be included in the programme. 
This arose because of inadequate discussion with the 
family before referral. Thus my experience on 
smaller numbers is very similar to that at Papworth 
Unit, but there are additional factors to consider. 

The emotional stress created by referral is 
enormous. Frequently it has involved travel over 
long distances, splitting families and creating a 
significant financial burden. The anguish of patients 
and families while waiting for transplants, in a situa- 
tion when health is deteriorating rapidly, is con- 
siderable. Attitudes to impending death are funda- 


mentally changed. Children in terminal respiratory 
failure must always be given appropriate treatment 
so that they die peacefully, with dignity, and without 
pain. The prospect of a transplant has sadly led to 
delays in institution of such treatment. This is wholly 
unacceptable, but the patient and parents’ grim 
determination to struggle on as long as possible is 
perfectly understandable once the new hope has 
been generated. One of my patients who died on the 
waiting list, in fact indicated, a few hours before 
death, that she had not wanted to have a transplant. 
She had given her parents extra hope by acceding to 
their wishes. In the two weeks before death she had 
deliberatly stopped all her treatment and hidden it 
in a paper bag. A psychiatric assessment of the 
patient and family has, therefore, now become an 
essential part of the selection procedure. 

Thus, in the short term, paediatricians must be 
aware that at best only 20% of referrals will receive 
a transplant, three quarters of whom can be 
expected to be alive after one year. At least 20% 
will be considered unsuitable for medical reasons, 
and of the remainder, half will die on the waiting list 
and the other half will still be waiting, perhaps a 
year after original referral. 

At a time of medical rationing, with restriction of 
resources, can this procedure be justified? I believe 
the answer is yes, but extreme care is required 
before even considering referral to a centre for 
assessment. Only the most psychologically robust 
individuals, fulfilling appropriate criteria for severe 
respiratory failure, and without any other complicat- 
ing medical problems, can be accepted on transplant 
programmes. 
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Prognostic importance of myelosuppression 
during maintenance treatment of lymphoblastic 
leukaemia 


G DOLAN,* J S LILLEYMAN,* AND S M RICHARDS} 


@On behalf of the Leukaemia in Childhood Working Party of the Medical Research Council 
*Department of Haematology, The Children’s Hospital, Sheffield and {Clinical Trial Service Unit, Radcliffe 
Infirmary, Oxford 


SUMMARY Children from the UKALL V trial were studied to assess the clinical importance of 
myelosuppression during uninterrupted ‘maintenance’ treatment of ‘standard risk’ lymphoblastic 
leukaemia. Those receiving daily 6-mercaptopurine and weekly methotrexate who were in first 
remission 20 months from diagnosis were divided into two gro ups on the basis of whether or not 
they had ever had an absolute neutrophil count of <0-5x107/1 recorded during maintenance 
treatment up to that time. Of 105 evaluable children, 45 (43%) became neutropenic at least once, 
and 60 (57%) did not. Seven (16%) of the neutropenic group subsequently relapsed compared 
with 27 (45%) of the remainder. This difference was still significant if the analysis was stratified 
by total treatment time (two or three years), age, sex, or diagnostic white cell count. Seven (16%) 
neutropenic children died in remission, compared with one (2%) of the non-neutropenic 
children. 

Therapeutic myelosuppression during standard maintenance treatment of ‘standard risk’ 
lymphoblastic leukaemia is associated with increased toxicity but a reduced risk of relapse. The 
unexplained improvement in long term survival in the United Kingdom in recent years may in 


large part be due to this. 


Current conventional treatment of other than ‘high 
risk’ childhood lymphoblastic leukaemia includes a 
long phase of continuing ‘maintenance’ chemo- 
therapy. This usually consists of daily 6-mercapto- 
purine and weekly oral methotrexate, together with 
occasional pulses of vincristine and prednisolone. 

How important this phase of treatment is may 
depend on the nature and intensity of remission 
induction, consolidation and/or intensive ‘blocks’ of 
chemotherapy given in addition. From the observed 
incidence of relapse i in early trials without prolonged 
maintenance,! however, and in patients who default 
from follow up, there can be little doubt that for 
many children on various regimens it is important. 





@ Members of the Working Party during UKALL V: R M Hardisty 
(chairman), C C Bailey, P R H Barbor, N D Barnes, A W Craft, 
J M Chessells, S I Dempsey, O B Eden, P M Emerson, D I K 
Evans, J J Fennelly, D A G Galton, N Harker, F G H Hill, HEM 
Kay, D N Lawson, J S Lilleyrtian, T J McElwain, J R Mann, 
J Martin, P H Morris-Jones, M G Mott, J Peto, M Radford, 
M R Sandland, E N Thompson, M L N Willoughby. 


Further evidence is available from UKALL V, < 
recent United Kingdom Medical Research Council 
(MRC) trial which compared three different ways of 
giving the same cumulative dose of 6-mercapto- 
purine and methotrexate in maintenance. . The 
results were not the same, and giving 6-mercapto- 
purine continuously appeared to be associated with 
more effective disease control than intermittent 
dosing.” The basic design of a succeeding MRC trial, 
UKALL VIII, did not appear to differ substantially 
from the UKALL V ‘continuous’ arm, but none the 
less produced a sustained and striking improvement 
in long term disease free survival, which has yet to 
be explained.* 

An impression gained by clinicians involved in 
UKALL VII was of a greater incidence of treat- 
ment induced myelosuppression and morbidity 
during maintenance. This appeared to be due to 
higher cumulative doses of 6-mercaptopurine and 
methotrexate being given as a result of more rigidly 
defined prescribing criteria than in previous trials. 
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If more children on UKALL VIII became neutro- 
penic and more survived their disease, it seemed 
obvious to ask if the two phenomena could be 
related. To answer this question we chose to 
examine the ‘continuous’ arm of UKALL V. The 
design was very similar to UKALL VIII, but we 
anticipated there would be a larger proportion of 


patients who did not become neutropenic giving’ 


more equal group sizes for analysis. This report 
describes our findings. 


Patients and methods 


All children in the United Kingdom with ‘standard 
risk’ lymphoblastic leukaemia between the ages of 1 
and 14 years, who had no meningeal disease or 
mediastinal mass, and who had a diagnostic white 
cell count <20 x 10°/1 were eligible for UKALL V. 
The regimen has been described in detail elsewhere,” 
but briefly consisted of remission induction with 
four doses of vincristine, four weeks of pred- 
nisolone, and four doses of L-asparaginase (10 000 
Um’) after marrow recovery. This was followed by 
cranial irradiation, five doses of intrathecal metho- 
trexate, daily 6-mercaptopurine (50 mg/m?), and 
two further weeks of vincristine and steroid treat- 
ment before all patients were randomised to one of 
three continuing (maintenance) regimens. The 
‘continuous’ arm consisted of 12 week cycles with a 
pulse of vincristine and steroids every six weeks, 
weekly oral methotrexate (20 mg/m”), and daily 6- 
mercaptopurine with a target dose of 50-70 mg/m’. 
the duration of treatment was randomly allocated to 
two or three years. Co-trimoxazole was not given as 
part of the protocol. 

The trial opened in January 1976 and closed in 
March 1979, accruing 528 patients. The record cards 
for all children who remitted, who did not relapse 
before the completion of six cycles (18 months) of 
maintenance treatment, and who received the 
‘continuous’ arm were reviewed. Every recorded 
neutrophil count. from the start of randomised 
treatment was extracted and entered into a com- 
puter file containing other patient details including 
treatment outcome. 

Patients were divided into two groups simply on 
the basis of whether they had ever had a recorded 
neutrophil count below 0-5 x 10%/1 or not. The two 
groups so defined were compared for any difference 
in treatment related mortality and recurrence of 
disease using the log rank method with two tailed p 
values, and simple 2 x 2 x? tests with Yates’s 
correction. 


Results 


Four hundred and ninety six patients remitted on 


UKALL V, of whom 161 were allocated to the 
‘continuous’ arm of treatment. One hundred and 
five completed their first six cycles of treatment 
every three months in remission and had their 
neutrophil counts examined. They form the basis of 
the present study. 

Of the 105, 60 (57%) never produced a neutrophil 
count below 0-5 x 10°/1 whereas 45 (43%) did so on 
at least one occasion. With a minimum follow up 
time of eight and a half years, seven (16%) of the 
neutropenic children have relapsed compared with 
27 (45%) of the others (see figure). This difference 
is significant (2xp=0-002; log rank), and remains 
so if the duration of remission is stratified by age 
(<3, 3-8, >8 years: 2Xp=0-004), diagnostic white 
cell count (<10, >10 x 10°/: 2xp=0-002), sex 
(2xp=0-003), or all three (2xp=0-05). In the ‘con- 
tinuous’ arm of UKALL V there was a significant 
excess of marrow relapses in those randomised to 
two years rather than three years treatment 
(p=0-02, as described elsewhere’), but even if the 
neutropenic and non-neutropenic groups are strati- 
fied for this variable, the difference in relapse rate 
remains significant (2X p=0-02). The proportions of 
the two groups in the age, sex, white cell count, and 
treatment categories is shown in the table. 

Of the 105, eight (8%) died in remission: seven 
from the neutropenic group (16%) and one of the 
others (2%). The excess of remission deaths in the 
neutropenic group is significant (y’=5-2; p<0-05). 
The treatment related mortality pattern makes the 
difference in eight year event free survival (as 
opposed to remission duration) between the neutro- 
penic (69%) and non-neutropenic (53%). groups no 
longer significant (2xp=0-11), though the trend 
remains. 
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Time to relapse (remission deaths censored) 


Figure Duration of remission for 105 children 

on UKALL V ‘continuous’. Time scale in years from 
diagnosis; (- — —) 45 who had a neutrophil 

count <0-5 X 10°H during the first 18 months of 
maintenance treatment on at least one occasion; (——) 
60 who never had a neutrophil count <0-5 x 10°/l 
during the same period. Log rank: 2xp=0-002. 
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Table UKALL V ‘continuous’ regimen 
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Neutrophil count Total Boys Girls Diagnostic white cell count Age (years) Treatment (years)* 
during weeks 11-96 
>10 x 1 = <10x 107i <3 38 8+ 2 3 

Patients who had 

count <0-5x10°: 

At least once 45 18 27 11 34 12 29 4 18 17 

Never 60 31 29 13 47 9 41 10 20 24 
Total 105 49 56 24 81 21 70 14 38 41 





*Several of the 105 patients relapsed before this randomisation occurred. 


The timing of neutropenia did not seem important 
in terms of whether it occurred within the first nine 
months of treatment or later, nor did the frequency 
of neutropenic episodes in terms of the number of 
recorded neutrophil counts <0-5 x 10°/1 provided it 
was less than three. Children who had profound 
neutropenia on more than four occasions (there 
were only four so the numbers are very small) may 
paradoxically have a higher relapse rate. Two 
relapsed, and comparison with those who became 
neutropenic one, two, or three times gives 2x p=0-01; 
the observed:expected ratio was 2-7. 

The method of defining neutropenia did seem 
important, and no difference in the relapse rate of 
the 105 could be seen if the patients were divided 
around a threshold neutrophil count of 1-0 x 10/1, 
or if a median value for each patient was calculated. 


Discussion 


The clear implication from this cohort study is that 
treatment induced myelosuppression during con- 
tinuing (maintenance) therapy for standard risk 
lymphoblastic leukaemia is associated with greater 
toxicity but better disease control. Most of the 
episodes of neutropenia observed would have been 
due to chemotherapy as another major myelo- 
suppressant, co-trimoxazole, was not used in 
UKALL V. 

The findings support the hypothesis that much of 
the improvement in long term survival seen in the 
United Kingdom after 1980 is due to increased 
cytotoxicity of 6-mercaptopurine and methotrexate 
maintenance treatment. Before that time, although 
the protocol design and doses were similar, clini- 
cians had no guidelines on dose adjustment in the 
face of neutropenia or thrombocytopenia and many 
tended to use amounts which avoided profoundly 
low counts, as can be seen from the high proportion 
of children (57%) in our study cohort who never had 
a neutrophil count below 0-5 x 10°/1 during the first 
18 months treatment. The incidence of neutropenia 


in UKALL VIII is still being analysed, but it would 
appear to be higher. 

Surprisingly few studies have looked at this aspect 
of maintenance chemotherapy before, though 18 
years ago Pinkel et al showed that halving the drug 
doses shortened remission and reduced long term 
survival rates. Van Eys et al, for the Pediatric 
Oncology Group, prospectively studied 430 children 
with good risk lymphoblastic leukaemia who were 
randomly assigned to continuing treatment designed 
to maintain a total white cell count of either (a) 
1-5-3-0 or (b) 3-0-5-0 x 10% and found ne 
difference in disease free survival, though the 
children in group (a) appeared to suffer more 
serious infections.” Superficially this would appear 
to contradict our findings, but two points should be 
stressed about the Pediatric Oncology Group study. 
Firstly, the overall results, like UKALL V, were not 
good for either (a) or (b) by current standards (five 
year disease free survival of <50% for good risk 
lymphoblastic leukaemia) and secondly, part of the 
protocol for both groups was to keep the neutrophil 
count well above 0-5 x 10%. It is possible that 
patients in both arms of thelstudy from the Pediatric 
Oncology Group received inadvertent inadequate 
treatment in much the same way as the non- 
neutropenic patients in UKALL V. More recently 
Schmiegelow et al found that the mean white cell 
count during maintenance treatment was a prog- 
nostic factor second only in importance to the 
diagnostic white cell count in a group of 84 Nordic 
children.° Despite different methods of analysis (the 
mean white cell count and minimum neutrophil 
count measure different things) their patients were 
similar and the Scandinavian findings and con- 
clusions broadly agree with our own. 

The practical point is that ‘classical’ maintenance 
treatment can probably be made more effective in 
terms of disease control if the doses of 6-mercapto- 
purine and methotrexate are pushed to the point 
where occasional neutrophil counts <0-5 x 10°/l are 
produced. This has been standard practice for years 
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in some centres,’ but is by no means always the case. 
In many patients it may have been achieved 
fortuitously in UKALL VIIL, and this would explain 
the improved results. The greater treatment induced 
morbidity and mortality that pushing treatment to 
toxicity undoubtedly produces may be alleviated by 
improved supportive treatment, and may be a price 
worth paying anyway in terms of overall long 
survival. Frequent neutropenia may paradoxically 
have the opposite effect if it leads to prolonged inter- 
ruption of treatment, but this is a data derived hypo- 
thesis that needs confirmation from other studies. 

Ideally, the suggestion that therapeutic myelo- 
suppression can reduce the relapse rate in lympho- 
blastic leukaemia should be subjected to further 
clinical trial, but such a trial would be extremely 
difficult to structure, would require a degree of 
physician compliance unlikely to be achieved, and 
would be ethically questionable as it would be based 
on demonstrating an inferior result for half of the 
entrants. In the face of evidence already available it 
would seem reasonable to adopt the practice at this 
stage in all future regimens. 
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Monitoring treatment in congenital adrenal 
hyperplasia 


S APPAN, P C HINDMARSH, AND C G D BROOK 
Endocrine Unit, Middlesex Hospital, London 


SUMMARY We report results of monitoring treatment in 41 patients with congenital adrenal 
hyperplasia controlled over 0-3-13-1 years using standard auxological techniques alone. Doses of 
glucocorticoid (15-25 mg/m?/day) and mineralocorticoid (0-15 mg/m?/day) replacement were 
determined initially using biochemical indices and thereafter adjusted according to surface area. 
Monitoring was solely directed at maintaining a 50th centile height velocity for chronological age. 
Of 41 patients, 32 were referred after the newborn period. Nearly half of these patients were 
either overtreated or undertreated before their referral. Of the nine treated from birth, all but 
one were in good control and only two have had a second hospital admission. Present height 
standard deviation scores (SDS) for chronological age range from —1-60 to —0-26. Height SDS 
for bone age were compared with midparental heights in 33 patients: 15 treated with early 
emphasis on growth had a height prognosis exceeding midparental values; patients who had 
experienced appreciable prior overtreatment or undertreatment fared less well. In the long term 
management of congenital adrenal hyperplasia correction of salt loss is of prime importance. 
Doses of glucocorticoid required in addition to mineralcorticoid replacement should be 
continuously assessed and adjusted to maintain a normal growth velocity. This is most 


conveniently achieved by standardising replacement doses on surface area. 


The object of treatment in congenital adrenal 
hyperplasia is to maintain normal health and growth 
by glucocorticoid and mineralocorticoid replace- 
ment, which has the effect of suppressing adrenal 
production of androgens and their precursors. Over- 
treatment or undertreatment with cortisol or 
fludrocortisone is detrimental in all respects but 
especially to growth, and strict monitoring of steroid 
profiles in conjunction with clinical indices has been 
recommended.' The pursuit of normal biochemical 
indices of control has been disappointing in terms of 
outcome.” This is probably attributable to episodic 
fluctuations in the secretion of steroids. We propose 
that the use of standard auxological techniques 
alone is a simple, effective, and painless method of 
monitoring control, and we have studied the growth 
of 41 patients with congenital adrenal hyperplasia 
who were monitored in this manner over 13 years. 


Patients and methods 


Forty one patients (22 boys, 19 girls) with congenital 
adrenal hyperplasia (21-hydroxylase deficiency) 


who had been followed up in the endocrine clinic 
were studied. Diagnosis was based on detailed 
endocrine investigations. All patients initially had 
raised serum 17-OH progesterone, androgen, and 
adrenocorticotrophic hormone concentrations and 
abnormal 24 hour urinary steroid excretion. A salt 
losing state was confirmed by the presence of 
hyponatraemia, hyperkalaemia, and raised plasma 
renin activity with low serum aldosterone concen- 
tration. Doses of replacement steroids were initially 
individually established while the diagnosis was 
being made or confirmed after referral using bio- 
chemical indices and thenceforward adjusted 
according to surface area to ensure the maintenance 
of normal growth velocity, which was taken as 
evidence of good control. 

The patients were followed up every three months 
for the first one to two years of life and every six 
months thereafter. At all visits standard auxo- 
logical assessment was performed.’ Blood pressure 
was monitored in all salt losing patients on fludro- 
cortisone replacement. Bone age assessment was 
performed at yearly or two yearly intervals after the 
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age of 2 years by the Tanner-Whitehouse method.* 
No biochemical monitoring was done after the initial 
investigations. 

All growth measurements in this study have been 
expressed as a standard deviation score (SDS) for 
chronological age and bone age. A score was 
calculated from the formula’ SDS=(X—X) S where 
X is the measurement in the individual and X and S 
are the mean and standard deviation respectively for 
the general population. The midparental height 
adjusted for sex was taken as the target height and 
this was also expressed as a SDS. 


Table Clinical profile and growth data on patients 


with congenital 


Patients received treatment with oral hydro- 
cortisone 15-25 mg/m?/day in two or three divided 
doses; prednisolone 4 mg/m?/day was used in some 
patients with problems of hypoglycaemia. Fludro- 
cortisone (0-15 mg/m7/day) was given to salt losing 
patients in addition. In infancy, a higher dose of 
fludrocortisone (up to 0-25 mg/m?/day) was used on 
occasion in addition to salt supplementation. 

The height SDS for chronological age and bone 
age at the time of presentation to the clinic were 
compared with present values. Wilcoxon matched 
pairs signed rank test was used to compare these 
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Patient Sex Salt Age at Age at Follow Height SDS for Height SDS for Midparental Comments 
No loser diagnosis referral up chronological age bone age height SDS 
to clinic (years) 
At At _ At At 
referral present referral present 
1 M + 0-05 0-98 13-12 —3-08 —0-07 -3-88 —0-86 —1-26 Overtreated* 
2 F + 0-03 0-30 3-60 -2:50 -058 — +0-91  +0-63 Overtreated* 
3 F + 0-03 0-30 2-09 -127 -160 — +154 +1-39 Overtreated* 
4 F + 0-02 3-21 7-60 -2-00 -2-10 — +1:34 —0-20 Overtreated* 
5 M + 0-03 2-24 3-06 —2:18 —075 -1-63 +0-66 —0-82 Overtreated* 
6 M + 0-03 8-35 7-65 —1-06 —1-97 +088 -2-36 —1-63 Overtreated* 
7 M + 0-03 10-90 6-90 —2:32 -3:34 -2-00 -3-34 -1-63 Overtreated* 
8 M + 0-04 1-50 0-30 -2-49 -2-10 — — —1-83 Overtreated* 
9 F + 0-03 16-23 1-60 -2-73 -2-58 -223 —2:58 —-1:00 Undertreated* 
10 F + 0-02 5-40 5-60 +069 —0-60 -1:54 —1-10 +0-40 Undertreated* 
11 M + 0-05 7-73 2-83 +1-76 +060 -0:56 -0-63 +0-63 Undertreated* 
12 M + 0-10 9-30 4-90 +0-48 +0-42 —086 —022 +1-36 Undertreated* 
13 M + 0-04 5-50 6-20 +101 -0:30 -2-52 -2:14 —0-85 Undertreated* 
14 F + 0-03 12-00 6-26 +0-88 -070 -0:93 -0-70 +0-46 Undertreated* 
15 M + 0-03 14-60 8-20 —1-00 -2-00 -2:37 -2-00 +0-04 Undertreated* 
16 M + 0-04 6-63 4-91 —2-84 -1:79 +037 +032 —0-51 Associated partial growth 
hormone insufficiency 
17 F + 0-04 0-20 6-10 -1-07 -170 — +1-00 = +0-65 Associated partial growth 
hormone insufficiency 
18 F - 8-00 8-00 0-60 +196 +2:00 -160 — +1-05 Virilisation 
19 M = 9-00 9-00 6-30 +239 -0-97 -245 -220 -1-15 Precocious ' puberty 
20 M = 715 12-60 2-40 +2-60 +063 -0-50 -0-34 +1-53 Precocious puberty 
21 M + 0-04 4-00 2-00 —0-48 -128 — —1-90 —0-85 Poor compliance 
22 M + 0-04 0-44 6-67 —0-43 —0-27 -1:50 —2-30 -0-40 Poor compliance 
23 M + 0-08 2-14 1-80 -1-75 -130 — —2:50 —0-40 Poor compliance 
24 F + 0:02 1:73 4-70 -0-12 0-00 -0-09 +280 — Adopted child 
25 M + 0-02 3-50 5-60 —0-54 +0:25 +041 +050 +0-40 
26 F + 0-05 0-60 4-23 —170 -113 — +1:30  +0-63 
27 M + 0-10 0-40 0-63 —1:10 -1-48 — — —0-93 
28 F + 0-02 0-20 1-75 —0-20 -033 — +1-49  +0-53 
29 F + 0-04 1-00 3-38 —0-60 0-66 -0:90 -0-18 —1-26 
30 F + 0-05 7-50 9-30 —0-57 -0:30 -0-79 —0-30 —0-20 
31 F + 0-03 0-82 2-60 —0:57 - +0-96 — +3-08 +0-97 
32 F + 0-02 0-24 4-26 —0-32 +1-46 ` +0-28 —0-40 —0-20 
33 F = 0-12 0-12 5-91 +0-88 +128 +180 —0-60 +0-35 Poor compliance 
34 F + 0-03 0-03 6-31 —2:08 1:33 -1:59 +0-95 —0-24 Low birth weight 
35 M + 0-02 0-02 3-81 -200 -0-16 — +0-34 +0-39 Low birth weight 
36 F + 0-02 0-10 3-20 3-26 -160 — +0-20 —1-00 Low birth weight 
37 M + 0-15 0-15 10-35 —2-03 -147 +176 +115 — Adopted child 
38 F + 0-03 0-11 4-39 +1-53 —0-26 +3-03 +250 —0-48 
39 M + 0-10 0-10 1-40 —1:99 -0-83 — —0-83 -0-60 
40 M + 0-03 0-18 9-97 —2-50 —1-31 -1-06 +0-20 +0-50 
41 M + 0-04 0-10 0-50 —0-50 -0:80 — — +0-40 





*Overtreated or undertreated till time of referral. 
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paired sets of data. The height SDS for bone age at 
present was compared with the midparental height 
SDS using the line of identity between the two.> 


Results 


The clinical data of the patients are shown in the 
table. All had 21 hydroxylase deficiency and all but 
four were salt losers. The present age ranged from 
0-6 to 22-8 years. Nine patients had completed 
puberty and five had attained final height. 

Of 41 patients, 32 (patients 1-32) were referred 
after the newborn period and nine (patients 33-41) 
were treated from birth in our department. 

Of the patients referred, eight had been over- 
treated with high doses of steroids and had growth 
retardation, cushingoid features, and delayed bone 
age and seven had been undertreated with low doses 
of steroids and had sexual precocity and advanced 
bone age at the time of referral. Two others have 
been found to have partial growth hormone insuffi- 
ciency during follow up and have been treated 
additionally with daily subcutaneous growth 
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hormone. Three of the non-salt losers presented 
between 7 and 9 years of age with either signs of 
virilisation or precocious puberty and advanced 
bone age. Compliance was poor in three patients. 
The remaining nine patients were in good control as 
reflected by their normal growth. 

Of those who were treated from birth, only one 
patient was non-compliant and had advanced bone 
age. The rest were in good control and only two of 
these patients required a further admission to 
hospital after the initial diagnosis had been estab- 
lished and treatment instituted. Present height SDS 
for chronological age ranged from —1-60 to —0-26 
and for all those in whom bone age data were 
available, prognosis of final height was good. 

Height SDS for chronological age at time of 
presentation to this hospital and values at present 
are shown in fig 1a. Height SDS for bone age are 
compared in a similar way in fig 1b. There were no 
significant changes between any of the values. In 
other words, the treatment regimen had been 
successful in maintaining normal growth from the 
time of its institution. 


Ok 





+3 
+2 
+2 
2 +1 
a 
8 3 
SB Oo +1 
3 2 
O 
5 0 8 
= 5 
5 2 
ne a 
3 9 0 
8 = 
a © 
» —1 F 
= T 
2 -1 
—2 
—2 
-3 
-3 
-4 —4 
Ld Ls | ee | 
At referral At present At referral At present 


Fig 1 (a) Height SDS for chronological age at referral and at present; (b) height SDS for bone age at referral 


and at present. 
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Fig 2 Comparison of height SDS for bone age at 
present with midparental height SDS. 


Fig 2 shows the association between height SDS 
for bone age at present and the midparental height 
(target height) SDS. Of 33 sets of values available, 
18 were either above or close to the line and 15 
below the line. The 18 patients whose values lay 
above or close to the line were those treated with 
early emphasis on growth management. Five of 
these 18 were overtreated from one to three years of 
life before referral. One patient has already 
achieved a final height appropriate to target height. 
The remaining 17 patients will probably attain a 
final height at or above the target height if they 
remain in good control. Of the 15 whose values were 
below the line, four patients had attained final 
heights below midparental heights; they belonged to 
the categories of either overtreatment for a pro- 
longed period or undertreatment with late referral. 
The remaining 11 patients will probably attain a 
final height below the target height. Of these, four 
were patients who were undertreated and had 
advanced bone age at the time of referral, one was 
overtreated for eight years and had growth retarda- 
tion at the time of referral, two were late diagnosed 
congenital adrenal hyperplasia with advanced bone 
age, and four had poor compliance. 


Discussion 
The aims of management in congenital adrenal 


hyperplasia are to maintain normal health, to 
suppress the effects of excessive androgen secretion, 


to maintain a normal growth velocity, to undergo 
normal puberty, and to achieve a final height as 
close to target height as possible. Undersuppression 
of adrenocorticotrophic hormone leads to increased 
height velocity and advanced bone age; over- 
suppression leads to the reverse and the recom- 
mended replacement dose of cortisol in congenital 
adrenal hyperplasia for optimal growth effects is 
20-25 mg/m/day.”? There is surprisingly little 
individual variation but there is a differing effect of 
treatment with glucocorticoids between patients.® In 
salt losers, adequate replacement with fludro- 
cortisone and salt in the newborn period is crucially 
important for maintenance of good health and 
optimal control because insufficient mineralocorti- 
coid treatment results in hypovolaemia, hypo- 
natraemia, hyperkalaemia, and a raised plasma 
renin activity, which leads to loss of glucocorticoid 
control.’ It is often not appreciated, however, that 
fludrocortisone not only exerts mineralocorticoid 
effects but also has appreciable glucocorticoid 
effects.!° The dosage of fludrocortisone should be 
matched to surface area and the glucocorticoid 
contribution must be remembered before an 
increase in the dose of cortisol is instituted. At 
puberty, the rise in sex steroid secretion, increased 
growth velocity, and rapidly changing surface area 
require appropriate parallel increases in gluco- 
corticoid and mineralocorticoid’ dosages to prevent 
loss of androgen control and consequent rapid 
acceleration in bone age. 

As the object of treatment is to suppress adreno- 
corticotrophic hormone drive and not simply to 
replace cortisol and flurocortisone, the ideal method 
for assessing individual dose should be to titrate the 
concentration of glucocorticoid against the adreno- 
corticotrophic hormone concentration and mineralo- 
corticoid against plasma renin activity.'! In practice, 
however, interpretation of the adrenocorticotrophic 
hormone concentration is difficult because of the 
circadian variation and measurement of plasma 
renin activity is affected by diet and postural 
factors.” Monitoring by single random plasma 
measurements of 17-OH progesterone has been 
shown to be unreliable as an index: of therapeutic 
control with glucocorticoids as there is a pronounced 
circadian rhythm." 4 With episodic fluctuations 
in the secretion of the steroid and the timing of 
sample collection with respect to the last dose of 
cortisol, there is great difficulty in the interpretation 
of the values. Serial measurements of 17-OH 
progesterone in plasma, capillary blood, and saliva 
have been used to assess control and nomograms 
have been employed to interpret the daily pro- 
files," 16 

The disadvantages of monitoring by biochemical 
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steroid indices are manifold. Such studies measure 
adequacy of control over a short period of time only. 
As serial sampling of saliva and capillary blood is 
usually undertaken at home, the validity of the 
technique is dependent on the reliability of the 
patient. Anticipation of sampling might also lead to 
good short term compliance with medication, which 
may not necessarily apply to the long term results. 
Infrequent sampling gives erroneous results because 
of the circadian rhythm and fluctuation in the 
secretion of steroids. 

Obsession to achieve biochemical perfection often 
over-rides the realisation of the importance of 
accurate measurements of stature and assessment of 
growth velocity and skeletal maturity. Attempts to 
achieve 17-OH progesterone concentrations within 
the range for normal individuals by increasing or 
decreasing the dose of cortisol leads to oscillations 
between overtreatment and undertreatment, both of 
which are deleterious to growth.” From our data, it 
can be seen that this was a frequent error in the 
management of congenital adrenal hyperplasia, but 
overtreatment during the infantile component of 
growth is probably less hazardous in compromising 
height prognosis, provided the situation is rectified 
over the course of the childhood component of 
growth.” Undertreatment, on the other hand, 
almost always compromises final height because an 
advanced bone age can rarely be recovered. 

Results from the study of congenital adrenal 
hyperplasia by Winter and Couch showed the 
median height to be the 25th centile.! Thus as a 
group, these patients were generally shorter than 
their peers. This has also been the experience in the 
study by DiMartino-Nardi et al.? In both of these 
studies, monitoring was by frequent assessments of 
serum 17-OH progesterone, testosterone, and 
plasma renin activity but more emphasis was placed 
on these than on growth velocity. We submit that if 
the desired end result is normal growth the best 
method of monitoring treatment is to concentrate on 
this rather than on biochemical indices. This 
requires particularly close follow up during periods 
of rapid growth in infancy and puberty and frequent 
adjustment of medication at such times. 
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Teenage sexuality: implications for controlling AIDS 
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SUMMARY A study on 761 teenagers aged 15-17 years showed that 56% of both sexes had had a 
steady or serious relationship. For about 40% of both sexes intercourse was a part of this relation- 
ship. Teenagers know how AIDS is transmitted, but only one third indicated personal concern 
about the epidemic. Only a fifth anticipate a single monogamous relationship. Significantly more 
girls than boys are planning to have fewer partners. Of these not anticipating monogamy three 
quarters mentioned the use of condoms. If education is to be effective in reducing the AIDS 
epidemic it must be sufficiently relevant to create and maintain changes in life style and must also 
educate teenagers before they have established patterns of behaviour. 


A major way in which the impact of the AIDS 
epidemic could be reduced is by public education 
and individual risk reduction. If education is to be 
effective it must begin in the teenage years before 
patterns of sexual behaviour have been established. 
There are few published data on the effect of the 
government AIDS campaign on the teenage popula- 
tion who are potentially the generation most at risk 
from the epidemic. 

This study was undertaken as an extension of our 
previous study of teenage pregnancy in east Devon.! 
Between March and October 1987 we surveyed 
teenagers aged between 15 and 17 years, from seven 
schools in a semirural area, to determine how they 
viewed the development of teenage relationships, to 
establish the extent of sexual experience, and to 
assess their knowledge of AIDS. 


Subjects and methods 


The seven schools were selected to ensure adequate 
size groups for statistical analysis of city and rural 
populations, of the intellectually able, and of social 
class I and II. They included three coeducational 
comprehensives, two single sex private schools, a 
sixth form college, and the last grammar school year 
(lower sixth) of a school recently made comprehen- 
sive; all were approached via the headmaster or 
principal, in the first instance by letter and then by a 
visit to explain the nature of the research. Consent 
was obtained from the parents of the fourth and fifth 
formers. The study was approved by the district 
research ethics committee. 


The teenagers were seen either in class or year 
groups. The same format was used each time a 
school was visited. A doctor, introduced by a 
teacher, spoke for 5-10 minutes about the study and 
its aim to find out about the development of 
relationships, making clear we were aware that 
some teenagers would be sexually active. Emphasis 
was placed on the complete confidentiality of the 
questionnaire, the necessity for serious considera- 
tion of the questions, and accuracy for the sake of 
the research. The need for us to have a record of 
their own view rather than what they expected we 
would like or they ‘should’ say was stressed. 

All members of the year groups selected by the 
researchers were present for the introduction; in no 
case was parental consent withheld. The teenagers 
were encouraged to create their own personal space 
in which to answer. They were told that they need 
not complete it if they did not wish to. Seven 
hundred and sixty one questionnaires were com- 
pleted; four were returned blank or incomplete and 
these were take to represent refusals. One hun- 
dred and forty two (19%) of the teenagers who had 
completed the questionnaire were asked to discuss 
their questionnaire confidentially with one of the 
researchers; one refused. This check allowed veri- 
fication that the questions had been understood 
correctly. 

We were able to determine from the question- 
naire whether any individual was sexually experi- 
enced using data on their most serious relationship, 
their knowledge of the ‘normal’ progression for their 
friends at each stage of a relationship, and whether 
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the teenager agreed with that progression for 
themselves. The sexual activity of each teenager 
whose questionnaire was verified was checked 
verbally and compared with the data derived from 
the questionnaire. A number of teenagers did not 
answer all the questions. 


Results 


Fifty six per cent of both sexes (175/311 boys and 
212/374 girls) had had a relationship that they 
regarded as steady or more serious, a quarter a less 
serious friendship, and just under a fifth had never 
had a girl or boyfriend (50/311 boys and 53/374 
girls). 

The perception of their friends’ relationships was 
used to explore the development of teenage rela- 
tionships and the prevalence of full sexual activity. 
The figure shows how the girls expected a rela- 
tionship among their friends to progress with a fifth 
expecting no physical involvement on their first 
date, although most expected to be kissing. By the 
fourth date virtually all expected kissing and a third 
petting. By the time the relationship was regarded as 
steady half expected their friends to be having 
intercourse and over 90% to be having intercourse 
when the relationship was serious. 

The pattern for the boys was not significantly 
different and again half expected their friends to 
be having intercourse when the relationship was 
steady. 





First date 
(n=407) 


Fourth date Steady 
(n=404) (n=403) 


Stage of relationship - 


Lì No involvemenz RSs Petting 
Kissing WY Intercourse 


Figure Expected progression of relationship 
among female friends. 










It was important to define what the teenagers. 
meant by ‘steady’. Over half of the boys and just 
under half of the girls said that a steady relationship 
would be established within two months of going out 
with the same person. Less than a tenth gave a time 
of greater than six months. The median time was 
eight weeks for boys and 10 weeks for girls (table 1). 

Using the derived estimate of sexual intercourse a 
fifth of the total population of 15 year olds were 
sexually experienced as were a quarter of 16 and 17 
year olds (table 2). When only those who have had a 
steady or serious relationship are considered, this 
figure is almost doubled for girls at all ages, and for 
the boys the numbers increased from a third at 15 
years to about half at 17 years. 

A variation in the number who were fully sexually 
active was noted between schools with 34% of fifth 
form girls and 21% of fifth form boys at one 
coeducational comprehensive school being experi- 
enced in contrast with 18% and 14% respectively at 
another coeducational comprehensive school (table 
3). 

A grouping effect was noted between friends with 
significantly more of those who were sexually active 


Table 1 Teenagers’ definition of a steady relationship 


Minimum period of 
relationship (months) 


No (%) girls No (%) boys 











(n=324) (n=258) 
1-2 138 (43) 150 (58)* 
34 113 (35) 69 (27) 
56 44 (14) 22 (9) 
>6 29 (9) 17 (7) 
Median (weeks) 10 8 


*Significant difference (p<0-001). 


Table 2 No (%) of teenagers who have had intercourse 





Age (years) 








15 16 17 
Girls: 
From the whole 
group 40/208 (19) 38/152 (25) 13/57 (23) 


Of those with a 
steady or serious 
relationship 40/100 (40) 37/79 (47) 13/32 (41) 

Boys: 

From the whole 
group 

Of those with a 
steady or serious 
relationship 


25/157 (16) 23/99 (23) 22/87 (25) 


22/71 (31) 22/56 (39) 22/48 (46) 


1242 Curtis, Lawrence, and Tripp 


having friends who were also experienced; this was 
true for both sexes. 

The teenagers were asked to indicate how many 
of their friends said they were sexually experienced 
and how many they thought were experienced. The 
results from both questions were similar, table 4 
showing what friends ‘said’. The boys’ estimates of 
the numbers of either their male or female friends 
who were sexually active and the girls’ estimates of 
their female friends activity broadly corresponded to 
the estimate of sexual activity derived from the data 
(table 2), but girls gave significantly higher estimates 
of the number of male friends who they thought 
were or said they were having intercourse. There 
was a trend for more of the older teenagers of either 
sex to be sexually experienced. The increase of 
sexual experience with age was related to the 
number who had had a steady or more serious 
relationship with the amount of sexual activity 
within such relationships being similar at 15 and 17 
years for girls and increasing from a third to a half 
for the boys. 

There was no significant difference by age and 


Table 3 Variation in sexual activity between teenagers 
ar different schools 











School and year group No (%) girls No (%) boys 
Fourth form (age 15): 
Private 4/39 (10) 

Fifth form (age 16): 
Comprehensive 1 24/70 (34) 13/61 (21) 
Comprehensive 2 13/47 (28) 11/50 (22) 
Comprehensive 3 16/88 (18) 14/100 (14) 
Private 9/65 (14) 

Sixth form (age 17): 

Comprehensive 3 8/43 (19) 4/32 (13) 
Private 4/11 (36) 14/59 (24) 
Grammar 1/9 (11) 8/21 (38) 
College 12/45 (27) 6/21 (29) 





Table 4 Perception of friends’ sexual activity by 
both those who are and are not sexually active themselves 





No (%) girls No (%) boys 





At least half male 
friends experienced: 
Virgins 
Sexually active 


70/218 (32) 
54174 (73) 


28/206 (13) 
23/57 (40) 


At least half female 
friends experienced: 
Virgins 
Sexually active 


54/282 (19) 
44175 (59) 


35/152 (23) 
30/56 (54) 


sexual activity and career plans for either sex except 
that for the 15 year old girls where significantly more 
of those who were planning to go on to higher 
education were virgins (p<0-05). 

The sexually experienced girls were more likely to 
have started their periods before 12 years of age 
than those who were still virgins (p<0-001) (35/85 
compared with 37/301). 

The boys had less supervision by parents than the 
girls. There was no difference in parental super- 
vision for the boys who were sexually experienced 
except that more parents of boys who were virgins 
stayed awake until they were home (p<0-05). In 
contrast the girls who were sexually experienced had 
significantly less supervision in terms of permission 
to go out, time to be home by, parents staying 
awake, and parents knowing where their daughters 
were (p<0-01). For the boys there was no significant 
difference between sexual activity and the social 
class of the family (using the Registrar General’s 
classification of father’s occupation) (table 5), but 
the girls from the non-manual sector (I-IIn) were 
significantly less likely to be séxually active than 
those from social class [1Im—V. 

The teenagers were asked to state in their own 
words what they thought AIDS was (table 6). 
Significantly more of the 17 year olds (that is, sixth 
formers) wrote down what the initials stood for and 
that it affected the immune system. However, 
significantly more of the 15 year olds than the 17 
year olds stated it was sexually transmitted. A 
quarter at all ages wrote down that there was no 
cure. 

Significantly more of the girls than the boys were 
personally worried about AIDS but only 36% of 
girls and 30% of the boys felt that AIDS might affect 
them personally and were therefore concerned 
about it as a risk. The teenagers were asked to state 
what precautions they would take against contract- 
ing AIDS. A fifth of girls and less than a fifth of boys 
planned to have a single monogamous relationship 
(table 7). Of those who did not state this 75% of the 
girls and just under 70% of the boys mentioned the 
use of condoms. Significantly more girls than boys 
said they would want to know their partner well 


Table 5 Sexual activity and social class 


No (%) girls No (%) boys 





Class: 
LU 31/190 (16) 29/150 (19) 
II non-manual 747 (15) 13/39 (33) 
II manual 29/87 (33) 13/59 (22) 
IV-V 8/18 (44) 3/21 (14) 
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Table 6 Replies to the question (by age group)—What is AIDS? 














Girls Boys 

15 16 217 <15 16 217 

(n=189) (n=148) (n=55) (n=132) (n=82) (n=82) 

% Who stated that it was: 

Acquired immune deficiency syndrome 16 31 40 23 33 54 
Virus 15 19 18 10 11 24 
Sexually transmitted disease 61 40 40 56 38 29 
Associated with drugs/needles 7 7 13 9 5 1 
Affected immune system 22 39 44 26 37 59 
Associated with secondary infection 12 14 9 7 11 28 
Associated with homosexuals 4 5 5 5 4 2 
Incurable 27 26 20 22 24 23 


Table 7 Precautions the teenagers would take 
against AIDS 


No (%) giris No (%) boys 


All teenagers: (n=417) (n=344) 
Would not use drugs/ 
care with needles 89 21 55 17 
Monogamous relationships 87 21 56 16 


Of those who did not state a monogamous relationship: 


(n=330) (n=287) 
Would use condoms 240 73 199 69 
Would have fewer 
partners/know partner well 179 54 94 33* 


*Significant difference girls v boys (p<0-001). 


before having intercourse and planned to have fewer 
partners. 


Discussion 


Farrell in her study in the mid 70s wrote about 
intercourse being part of a stable teenage relation- 
ship, although no specific definition of ‘stable’ was 
made.* Over three quarters of our population 
defined a steady relationship as going out with the 
same person for a certain number of weeks—the 
median being 10 weeks for girls and eight weeks for 
boys. For just under a half of the girls and between a 
third and a half of the boys this type of relationship 
was associated with intercourse and in the age range 
15-17 years the existence of a serious relationship 
was a much stronger determinant of sexual activity 
than age. Most teenagers included within the 
framework of this definition a degree of exclusive- 
ness and faithfulness. 

The girls who started their periods early were 
more likely to be sexually active as has been 
previously reported in pregnant teenagers! >; a 
possible explanation being that they are physically 


mature and engage in serious relationships at an 
earlier age but do not have the corresponding 
emotional maturity to realise the implications of 
sexual activity and possible pregnancy. The experi- 
enced girls were also subject to less supervision by 
their parents, thus providing them with more 
opportunities for intercourse as has been previously 
reported in the teenage pregnancy study.! Factors 
that differentiate virgin and experienced boys are 
not so clearly demonstrated. 

Selection of schools in this study was made to give 
a cross section of school types and to ensure 
adequate representation of each social class group. 
The largest group of parents were from social class 
II and the majority were from the non-manual 
sector (IIn) using the Registrar General’s classi- 
fication of father’s occupation. This is explained by 
the rural area from which many pupils were drawn 
and by the fact that 25% of the study population 
were drawn from private schools. Significantly more 
giris who were experienced came from the lower 
social classes, but boys who were experienced came 
from all home backgrounds. There was no differ- 
ence in terms of future plans and sexual activity 
except with the youngest girls. 

The different rates of sexual activity between the 
comprehensive schools cannot be accounted for by a 
difference in social class distribution. The school 
itself appeared to have an effect on activity. It was 
difficult to assess whether this was related to the 
teenagers themselves, or to the environment and 
atmosphere of the school or to the curriculum, or a 
combination of these factors. The city school where 
the classrooms were locked between lessons, where 
there were few pictures on the wall, where children 
ate their lunch in the cloakroom, and where there 
appeared to be a large number of supply teachers, 
had a higher rate of sexual intercourse than either of 
the rural comprehensives that had a similar social 
class structure. Rates were not significantly different 
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in the privaté schools, which had a much higher 
percentage of high social class families. 

Most teenagers remembered teaching on the 
biological facts of reproduction, contraception, and 

exually transmitted diseases and in a previously 
reported study there were requests for more non- 
biological teaching on relationships, pressures, etc. 
The efficacy of the teaching did appear to be related 
to the enthusiasm and commitment of the staff and 
the respect the teenagers had for the teachers.* 

Sexual activity among teenagers is therefore not 
restricted to the non-academic from the lower 
socioeconomic groups but is regarded as a normal 
part of a relationship for teenagers of all abilities 
and background. 

Previous studies noted a sex discrepancy in the 
number of teenagers | who were sexually experienced 
in their mid teens.” > Farrell, writing in the 1970s, 
suggested that 55% of males and 45% of females 
between 16 and 19 years had experienced inter- 
course. Examination of Farrell’s data shows that 
12% of all girls and 31% of all the boys said they 
first had intercourse before 16 years. In this study 
the numbers were very similar, and although the 
difference was not significant more girls were 
sexually active than boys at 15 years. This perhaps is 
what one would expect considering that girls mature 
physically earlier than boys and tend to go out with 


boys older than themselves. The number who are . 


sexually active at 16 and 17 years is probably an 
underestimate because the sample did not include 16 
and 17 year olds who had left school and might be 
expected to be more sexually active. 

Experienced girls and boys were significantly 
more likely to have friends who were also perceived 
as being sexually active. Peer influence is a powerful 
pressure to conform to what is regarded as ‘normal’ 
behaviour.® The perception by girls that the boys are 
more active than they actually are was clearly seen 
in the overestimation of sexual activity of male 
friends. Although 40% of the teenagers involved in 
a steady or more serious relationship were sexually 
experienced only a quarter of the total teenage 
population studied were experienced. Most teen- 
agers under 18 years are therefore not experienced 
and one ploy in education could be to attempt some 
reduction of this peer pressure and to encourage the 
normality of relationships without intercourse. 

The effect of media on behaviour is difficult to 
quantify. Bury has stated that ‘In relation to sexual 
matters there seems little doubt that television, 
films, pop culture and advertising have all affected 
behaviour by emphasising the glamour of sex... 
for some years now, and long before it was the case, 
the media has given the impression that most 
teenagers are sexually experienced’.? 


If teenagers are sexually active in their mid teens 
it is common for them to have a series of exclusive 
sexual relationships before marriage,” which has 
been called serial monogamy.? 7 Serial monogamy 
exposes each partner to their partners previous 
partners with the associated medical risks of sexually 
transmitted diseases and cervical cancer. Sexually 
transmitted diseases lead to the secondary problems 
of infertility and the risk of ectopic pregnancy in the 
girls; HIV infection leads to the major problem of 
acquired immune deficiency syndrome in both men 
and women. 

The teenagers had a good understanding of how 
AIDS is transmitted and were reasonably know- 
ledgeable as to what AIDS is. For most it was not 
seen as a problem that would personally affect them. 

Although they knew AIDS was transmitted by 
sharing needles in drug abuse very few mentioned 
this aspect in describing what AIDS was and 
similarly few mentioned not being involved in the 
drug scene. This can probably be explained by that 
fact that for the majority drug abuse was not 
personally relevant to them. 

Only a fifth of the teenagers anticipated having a 
single monogamous relationship. Of those who did 
not plan monogamy about three quarters mentioned 
using condoms. Contraceptive usage among young 
people is, however, haphazard, often because 
intercourse is unplanned,’ and the sheath has never 
been regarded as a reliable form of contraceptive in 
this age group.” 

Significantly more of the girls than boys stated the 
importance of knowing their partner well before 
having intercourse and of planning to limit the 
number of partners they had. Previous studies have 
shown that boys tend to be more casual in sexual 
relationships, ° and despite the AIDS campaign 
this attitude has not apparently altered.’ 

If education is to be effective in reducing the 
AIDS epidemic it must be sufficiently relevant to 
create and maintain changes in behaviour. As well 
as focusing on those groups particularly at risk it is 
also important to aim education programmes at 
young people before they have established patterns 
of behaviour. 

Education is the responsibility of parents, school, 
and society as a whole. Previous evidence suggests 
that where parents exercise supervision and discuss 
such topics openly with their children, the children 
are less jlikely to become involved in early sexual 
activity,!! and this study supports this especially in 
relation to girls. Health education programmes at 
school are aimed at helping children take respon- 
sibility for their own long term health. In the area of 
sex education it would be appropriate for there to be 
clear statements that early intercourse and multiple 
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partners are associated with important medical risks 
including sexually transmitted diseases and HIV 
infection. 

The present generation of teenagers is potentially 
most at risk of AIDS. There is an opportunity 
through education in its widest sense to reduce this 
risk before patterns of behaviour are established. 


We warmly acknowledge the help and support of the staff and 
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Bronchoalveolar lavage in HIV infected patients with 
interstitial pneumonitis 


J DE BLIC,* S BLANCHE,+ C DANEL,t M LE BOURGEOIS,* M CANIGLIA,+ 
AND P SCHEINMANN* 


*Service de pneumologie et d’allergologie infantiles, tService d’immunologie et d’hématologie, and {Groupe 
de pathologie pédiatrique, Hépital des Enfants Malades, Paris, France 


SUMMARY The value of taking microbiological and cytological specimens by flexible broncho- 
scopy and bronchoalveolar lavage under local anaesthesia was assessed on 43 occasions in 35 HIV 
infected children, aged 3 months to 16 years, with interstitial pneumonitis. In acute interstitial 
pneumonitis (n=22, 26 specimens from bronchoalveolar lavages) the microbiological yield was 
73%, Pneumocystis carinii being the commonest infective agent (n=14). P carinii pneumonia was 
found only in children with deficient antigen induced lymphocyte proliferative responses who had 
not been treated with long term prophylactic co-trimoxazole. In contrast, in 13 children with 
chronic interstitial pneumonitis that was consistent with a diagnosis of pulmonary lymphoid 
hyperplasia who underwent bronchoalveolar lavage on 17 occasions, there were two isolates of 
cytomegalovirus and one of adenovirus, but P carinii was not found. Ten of the 13 children. had 
normal antigen induced lymphocyte proliferative responses. Useful cytological data were also 
gleaned from bronchoalveolar lavage specimens. Lymphocytosis was significantly higher in ` 
pulmonary lymphoid hyperplasia (36(SD 11)%) than in P carinii pneumonia (24(19)%) whereas 
the percentage of polymorphonuclear neutrophils was significantly lower (3(2)% compared with 
12(13)%). Flexible bronchoscopy with bronchoalveolar lavage is safe even in young infants and 
should reduce the necessity for open lung biopsy in the management of HIV infected children 
with interstitial pneumonitis. 


Pulmonary complications, particularly interstitial 
pneumonitis, are common among HIV infected 
children. Pneumocystis carinii infection usually 
causes acute interstitial pneumonitis and pulmonary 
lymphoid hyperplasia causes chronic interstitial 
pneumonitis.’ ? In adults fibreoptic bronchoscopy 
and bronchoalveolar lavage are useful in the investi- 
gation of interstitial pneumonitis.? 4 Experience in 
children is still limited>* and open lung biopsy was 
until recently the ‘main method of diagnosis.! ° 1° 
Our experience of flexible bronchoscopy in young 
children’ and of bronchoalveolar lavage in 
immunocompromised children” led us to assess the 
diagnostic value of microbiological and cytological 
examination of bronchoalveolar lavage specimens in 
HIV infected children with interstitial pneumonitis. 


Patients and methods 


Thirty five children (24 boys and 11 girls) aged 


between 3 months and 16 years (mean age 3 years 2 
months) underwent bronchoalveolar lavage 43 times 
between June 1983 and December 1987. Fourteen of 
these children were less than 1 year old and only five 
were Over 7 years old. The diagnosis was made from 
a positive serological HIV response by western blot 
(Pasteur Diagnostics). For those children less than 
15 months old whose mothers had positive sero- 
logical responses, a virus culture or detection of the 
P25 antigen in the serum with a monoclonal 
antibody (Abbott Laboratories), or both, was re- 
quired to eliminate the possibility of passively 
transmitted maternal antibody. HIV was transmit- 
ted from infected mothers to their offspring in 27 
cases and by blood products in eight. All these 
children were in subgroup P2 of the Centers for 
Disease Control classification for HIV infections in 


children." The immunological study included an 


analysis of the number of cluster determinant 4 
(CD4) lymphocytes in the peripheral circulation by 
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immunofluorescence (Ortho), and measurement of 
lymphocyte proliferative capacity after stimulation 
by at least two different antigens." Independently 
of their clinical state and history of infection two 
groups of children were identified by their prolifera- 
tive response in the presence of antigen. This was 
positive in group 1 (n=15) and negative in group 2 
(n=20), indicating a severe deficiency in cellular 
immunity as recently shown by Blanche et al." 


PULMONARY DISORDERS 

Acute interstitial pneumonitis 

Twenty six bronchoalveolar lavage specimens were 
taken from 22 children with acute interstitial 
pneumonitis diagnosed on physical findings and 
. chest radiography. The mean (SD) interval between 
the onset of interstitial pneumonitis and broncho- 
„alveolar lavage was 11 (6) days. Five of the children 
-were from group 1 and 17 from group 2. In eight 
‘cases the pneumonitis was only moderate, but in 14 
it was severe with hypoxaemia that required treat- 
ment with nasal oxygen. Four children had second 
bronchoalveolar lavage specimens taken two weeks 
after treatment had been started because of relapse 
of dyspnoea and fever. At the time of the first 
bronchoalveolar lavage 18 children were not treated 
or were treated for less than a week with co- 
trimoxazole. 


Chronic interstitial pneumonitis 

Seventeen bronchoalveolar lavage specimens were 
taken from 13 children with chronic interstitial 
pneumonitis that had been present for a mean (SD) 
9 (6) months and the procedure was carried out 
when they were stable clinically. Ten children were 
from group 1 and three from group 2. They all had 
stable radiographs showing diffuse nodular or re- 
ticulonodular lung patterns. This type of interstitial 
pneumonitis was associated with cervical lympha- 
denopathy (all cases), parotitis (9/13), hepato- 
splenomegaly (9/13), clubbing of the fingers (5/13), 
and shortness of breath on exertion (7/13). Hyper- 
gammaglobulinaemia (>30 g/l) was present in all 
cases. This picture was consistent with the diagnosis 
of pulmonary lymphoid hyperplasia.! 


PROCEDURES 

Flexible bronchoscopy, bronchoalveolar lavage, and 
lavage fluid analysis were carried gut as previously 
described.” All except one of the bronchoscopies 
were carried out under local anaesthesia after 
premedication that usually comprised atropine (0-01 
mg/kg given subcutaneously) one hour before the 
procedure and midazolam (0-3-0-5 mg/kg) or diaze- 
pam (0-5 mg/kg) given rectally 10-15 minutes before 
examination. Two fibreoptic bronchoscopes were 


used, the Olympus BF 3C10 for children aged less 
than 7 years and the Olympus BF 4B2 for older 
children. In the youngest children, and whenever 
interstitial pneumonitis was severe, the procedures 
were carried out while the patients were receiving 
oxygen through the other nostril. Once the 
tracheobronchial tree had been examined, the 
bronchoscope was wedged in a lobar or segmental 
bronchus, usually the middle lobe or the right lower 
lobe. An initial sample (5-10 ml) of prewarmed 
physiological saline was injected and then aspirated. 
This initial sample was discarded as being of 
bronchial origin. Several samples were then injected 
and aspirated up to a maximum volume of 10% -of 
the functional residual capacity. The recovered 
liquid was used for microbiological and cytological 
studies: part of it was used for immunofluorescence 
screening (for Legionella pneumophila, respiratory 
syncytial virus, parainfluenza virus, herpes simplex 
virus, cytomegalovirus, and adenovirus), and cul- 
tures for viruses, bacteria, fungi, and mycobacteria. 
A total cell count of nucleated cells was done on the 
lavage fluid, and 12 Cytospin preparations were 


. made by cytocentrifugation at 30 g for 10 minutes 


on a Cytospin 2 (Shandon Southern Instruments). 
These were stained by May Grünwald Giemsa, 
periodic acid Schiff (PAS), Gram, Grocott, Ziehl, 
and Perls, and examined for cytological evidence of 
fungal, viral, and parasitic infection and for the 
presence of siderocytes. The remaining fluid was 
cytocentrifuged for 10 minutes at 60 g, the sedi- 
ment was fixed in Bouin’s solution and embedded in 
paraffin, and histological sections were cut and 
stained with haematoxylin and eosin, PAS, and 
Grocott. 

Data were analysed by Student’s t test and the y” 
test. A p value of less than 0-05 was accepted as 
significant. 


Results 


TOLERANCE 

No complications were encountered during or after 
flexible bronchoscopy and bronchoalveolar lavage. 
The mean fluid return was 65%. No case of 
respiratory decompensation or of transfer to the 
intensive care unit could be attributed to the 
procedure. Treatment with oxygen by nasal tube 
prevented drops in arterial oxygen pressure in even 
the most hypoxic and youngest children. A transient 
spike of fever occurred in 13 (30%) of the children 
four to six hours after the bronchoalveolar lavage. 


MICROBIOLOGICAL RESULTS 
Acute interstitial pneumonitis 
Bronchoalveolar lavage specimens gave diagnostic 
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Table 1 Organisms isolated from the bronchoalveolar 
lavage fluid in 26 patients with acute interstitial pneumonitis 











Organism No of patients 
P carinii l 1 

L pneumophila 

Cytomegalovirus 


Respiratory syncytial virus 
Parainfluenza 3 virus 
Mixed infections 


Wee We ~~) 





information in 19 of the 26 examinations (73%) 
(table 1). The most common organism isolated was 
P carinii (n=17), which was found in 14 of 17 
children in group 2 and in none of the five children 
in group 1 (p<0-001). P carinii was still present in 
three of the four treated children who were re- 
examined on the 15th day, and in 14 of the 18 
children who were not treated or treated for less 
than a week with co-trimoxazole. It was not found in 
the four children treated for over a month. Three 
mixed infections were observed: P carinii and 
cytomegalovirus in two cases, and P carinii, 
L pneumophila and parainfluenza 3 virus in the 
other. 


Chronic interstitial pneumonitis 

Only two isolates of cytomegalovirus and one of 
adenovirus were found in 17 bronchoalveolar lavage 
specimens; no P carinii was identified. 

When both acute and chronic interstitial 
pneumonitis were considered together, P carinii was 
found in none of the 15 children in group 1 and in 14 
of the 20 in group 2 (p<0-001). 


CYTOLOGICAL RESULTS 

The data are summarised in table 2. In both acute 
and chronic interstitial pneumonitis there was an 
increase in the total cell count with a significant 
increase in lymphocytes, and a moderate increase in 
neutrophils. Lymphocytosis (SD) (36(11)%) was 
significantly higher in the patients with pulmonary. 
lymphoid hyperplasia than in acute interstitial 
pneumonitis (17(19)%, p<0-0005), in acute inter- 


stitial pneumonitis with P carinii (24(19)% , p<0-05), 
and in acute interstitial pneumonitis without 
P carinii (13(19%), p<0-0005). The mean percentage 
of neutrophils (12(13)%) was significantly higher in 
acute interstitial pneumonitis with P carinii than in 
acute interstitial pneumonitis without P carinii 
(2(3)%, p<0-05) and in pulmonary lymphoid hyper- 
plasia (3(2)%, p<0-005). 


OUTCOME OF ACUTE INTERSTITIAL PNEUMONITIS 
Co-trimoxazole treatment was effective in 12 of the 
14 children with P carinii pneumonitis, and two 
children died. 


Discussion 


These results confirm that flexible bronchoscopy 
and bronchoalveolar lavage carried out by an 
experienced paediatric bronchoscopist can be 
performed safely even in young infants and is well 
tolerated and useful in children infected with HIV 
with acute and chronic interstitial pneumonitis.° * Y 

During acute interstitial pneumonitis, the overall 
microbiological yield of bronchoalveolar lavage was 
75%, and P carinii was the predominant opportunis- 
tic infective agent (63%), which is similar to results 
obtained in AIDS related interstitial pneumonitis in 
adults? 18 1° as well as in children.” % In the series of 
Bye et al,> microbiological analysis of 14 aspirates 
from bronchoalveolar lavage from 29 children with 
AIDS and AIDS related complex and acute respira- 
tory illness grew P carinii. The diagnostic yield of 
P carinii pneumonia can be improved in adults by 
doing transbronchial biopsies.* Transbronchial 
biopsy, however, cannot be carried out safely in 
children younger than 7 years old.” Only five 
children in the present series could have benefited 
from such exploration, but all had P carinii in the 
bronchoalveolar lavage. None of the children taking 
part in this study had open lung biopsy, and all those 
who had had a negative bronchoalveolar lavage 
(25%) recovered completely. The episodes of 
interstitial pneumonitis in which no infective agent 
was identified may have several explanations: bron- 
choalveolar lavage may have been carried out in a 


Table 2. Results of cytology of 43 samples of bronchoalveolar lavage fluid from 35 children with HIV infection; 26 had 
acute interstitial pneumonitis and 17 chronic pulmonary lymphoid hyperplasia. Results are expressed as mean (SEM) 








Cells 

(10 tml) 
Pulmonary lymphoid hyperplasia (n=17) 413 (48) 
Interstitial pneumonitis with P carinii (n=17) 383 (49) 
Interstitial pneumonitis without P carinii (n=9) 474 (119) 





% % % 
Macrophages Lymphocytes Neutrophils 
62 (2-7) 36 aor i 3 (2-9) 
63 (5-8) **124 (4-6) 12 Sal 
84 (3-0) 13 (3-0) 2 (1-0) 





*p<0-05; **p<0-005. 
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child who had been on co-trimoxazole for at least a 
month, there may have been undocumented viral 
infection, or interstitial pneumonitis may have been 
due to the HIV itself. The sensitivity and specificity 
of bronchoalveolar lavage compared with open lung 
biopsy cannot be evaluated in our HIV infected 
children, but our results confirm those of Suffredini 
et al'® and those of Bye et al.° In the study of 
Suffredini et al, 32% of 152 episodes of interstitial 
pneumonitis diagnosed by bronchoalveolar lavage 
and transbronchial biopsy had non-specific lesions 
without a detectable infective agent. In the study of 
Bye et al 12 of 29 children with acute respiratory 
illnesses had sterile bronchoalveolar lavage fluid: 
open lung biopsy (n=4) or necropsy (n=3) did not 
show any false negative lavages. The association 
between the patient’s immunological state and the 
presence of P carinii should be emphasised. P carinii 
pneumonia was observed only in children in group 2 
(with deficient cellular immunity) who were either 
insufficiently treated or not treated. In eight of 14 
children P carinii pneumonia was the symptom 
leading to the diagnosis of HIV infection. All these 
immunological and retrospective data suggest that 
prophylactic treatment with co-trimoxazole is justi- 
fied and it is noteworthy that during the same period 
none of 34 children admitted for HIV infection and 
given prophylactic co-trimoxazole because of their 
altered immune state, developed P carinii pneumonia 
(S Blanche, unpublished observations). 

Bronchoalveolar lavage also provides useful cyto- 
logical information. The increase in total cell counts 
and lymphocytes and the moderate increase in 
polymorphonuclear neutrophils, are well known in 
adults,” but have not previously been reported in 
children. Cytologically, P carinii pneumonia 
produces clumps of cellular debris, lymphocytosis 
(24(19)%) and an increase in polymorphonuclear 
neutrophils (12(13)%). These anomalies were 
significantly different from those seen in acute 
interstitial pneumonitis in which P carinii has not 
been identified. In contrast with the results of Smith 
et al% the increase in polymorphonuclear neutro- 
phils was not associated with a more severe clinical 
or radiological course. 

Pulmonary lymphoid hyperplasia represents a 
special entity. Although this diagnosis has been, 
until now, histological, the clinical, radiological, 
and laboratory picture and the slow progressive 
course are now so characteristic that open lung 
biopsy is no longer routinely required.! 2°27 In 
pulmonary lymphoid hyperplasia, bronchoalveolar 
lavage provides supplementary diagnostic evidence, 
both confirming the absence of opportunistic 
infection! 7” and showing a large increase in lympho- 
cytes without a corresponding increase in polymor- 
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phonuclear neutrophils.” Mean percentages of 
lymphocytes and neutrophils were significantly 
different from those found in children with P carinii 
pneumonia. In none of the 17 bronchoalveolar 
lavages was P carinii identified; only two grew 
cytomegalovirus, and one an adenovirus. This 
absence of P carinii infection should be correlated 
with the immune state of this group of children: 10 
of 13 were in group 1 and had normal antigen 
induced lymphocyte proliferation. Here again, 
although the Centers for Disease Control criteria 
include P carinii pneumonia and pulmonary 
lymphoid hyperplasia in the same P2 subgroup, the 
two diseases are quite different in several points 
(especially immunological), and the better medium 
term prognosis for cases of pulmonary lymphoid 
hyperplasia.! > The mechanism of this lympho- 
cytosis is not yet known. There is a latent lympho- 
cytic alveolitis that is probably specific and linked to 
the HIV virus itself. ? The development of pul- 
monary lymphoid hyperplasia might be the result of 
an increase in this alveolitis and occur under the 
influence of a cofactor, such as Epstein-Barr virus.” 

In conclusion, flexible bronchoscopy and bron- 
choalveolar lavage should be advocated as a primary 
procedure in the exploration of interstitial pneumo- 
nitis in children infected with HIV. The detection of 
opportunistic infections especially P carinii should 
decrease the indications for open lung biopsy, which 
should be reserved for children in whom broncho- 
scopy was not diagnostic and whose clinical condition 
was deteriorating. Similarly, the presence of lym- 
phocytosis alone in the absence of P carinii and the 
absence of an increased proportion of neutrophils 
should also provide additional evidence in children 
with clinical and radiological suspicion of pulmonary 
lymphoid hyperplasia. 
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Cows’ milk sensitive enteropathy in cystic fibrosis 


S M HILL, A D PHILLIPS, M MEARNS, AND J A WALKER-SMITH 
Academic Department of Child Health, Queen Elizabeth Hospital for Children, London 


SUMMARY Proximal small intestinal mucosal biopsies were carried out in children with cystic 
fibrosis who had diarrhoea and failed to thrive in spite of adequate treatment, including 
pancreatic supplements. Histological examination of eight of the 17 biopsies taken over a period 
of 12 years showed evidence of enteropathy, and accounted for one in 13 (8%) children with 
cystic fibrosis under 3 years of age attending our clinic. Seven responded to a cows’ milk free diet; 
the diarrhoea stopped and weight gain increased. One of these responded only when gluten was 
also excluded from his diet. The eighth child remained on a normal diet and his symptoms did not 
‘improve. The enteropathy had resolved in all five patients who had further biopsies taken while 
receiving treatment, and from 15 months to 3 years of age all the children tolerated a normal diet 


and continued to thrive. 


Cows’ milk sensitive enteropathy is an important cause of failure to thrive in children with 
cystic fibrosis. Small intestinal biopsy is an important investigation in younger children who fail to 
thrive and have diarrhoea despite adequate treatment. 


Children with cystic fibrosis often fail to thrive. This 
failure is usually related to the disease itself, and 
may be the result of recurrent chest infections, 
inadequate food, or pancreatic enzyme deficiency. 
Two gastrointestinal diseases that may, in associa- 
tion with cystic fibrosis, cause failure to thrive are 
coeliac disease! ? and lactase deficiency.’ + 

It is important to make the correct diagnosis when 
a child with cystic fibrosis is failing to thrive as the 
severity of the respiratory component of the disease 
(which may affect prognosis) seems to be related to 
the child’s nutritional state.” The aim of this study 
was to investigate whether cows’ milk sensitive 
enteropathy is a cause of chronic diarrhoea and 
failure to thrive in children with cystic fibrosis. 


Patients and methods 


Seventeen children were included in the study from 
1975-1987. Fifteen of the patients were already 
attending the cystic fibrosis clinic and were selected 
for small intestinal mucosal biopsy because they 
were failing to thrive in spite of adequate treatment 
for cystic fibrosis. This included pancreatic enzyme 
and fat soluble vitamin supplements. Two other 
children underwent small intestinal mucosal biopsy 
and sweat tests during the same admission as part of 
the routine procedure for investigation of failure to 
thrive, and had positive sweat tests. They were 


taking no medication at the time of biopsy. The 
weights of all the children were below the 25th 
percentile, and five were well below the third. 

Nine of the children were boys and eight girls. 
They were aged from 3 months to 12 years (median: 
12 months). In all cases the diagnosis of cystic 
fibrosis was made from two positive sweat tests and 
typical symptoms. Sweat tests were considered 
positive if at least 100 mg of sweat was collected that 
contained at least 70 mmol/l sodium. 

The diagnosis of cows’ milk sensitive enteropathy 
was made when characteristic histological findings 
were present in a Proximal small intestinal mucosal 
biopsy specimen, and there was a rapid clinical 
response to the exclusion of cows’ milk from the 
diet.” Early challenge with cows’ milk and further 
small intestinal biopsies were necessary to prove 
that the disease was present. In practice, as the 
condition was a temporary one and there was a risk 
of anaphylaxis on the reintroduction of cows’ milk, 
challenge was not considered necessary if the 
histology was characteristic and the clinical improve- 
ment rapid. 

At the time of small intestinal mucosal biopsy, 16 
of the children were on cows’ milk based feeds, and 
one was breast fed. The mother of the latter child 
included cows’ milk in her diet. Three children 
under 6 months old were on full fat adapted formula 
feeds, three were taking ‘cystic mix’ (SMA and 
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Marvel with added Caloreen), and the other 10 were 
having skimmed milk. The 13 oldest children 
included a normal amount of gluten in their diets, 
but the four youngest had not started solids. Stool 
samples were taken from. all patients and examined 
for pathogens. The small intestinal mucosal biospy 
specimens were taken after full informed consent 
had been given by the parents. 

After an overnight fast, a paediatric sized double 
port capsule was used to obtain mucosa from the 
duodenojejunal flexure under radiological control. 
In addition to the biopsy specimen, duodenal juice 

-was aspirated if possible and examined for the 
` presence of Giardia lamblia. A sample of tissue 
from one biopsy specimen from each patient was 
frozen in liquid nitrogen and used to assay disac- 
charidases,® and the other was fixed in formal saline 
and processed for histological examination. Suitable 
specimens were also analysed morphometrically 
using a computer based image analysis system.® If 
the histological appearance of a biopsy was 
abnormal and consistent with a cows’ milk sensitive 
enteropathy® the child was given a cows’ milk 
exclusion diet for the next few months, usually until 
at least 15 to 18 months of age. These children were 
reviewed regularly in the outpatient clinic with 
particular attention being paid to weight gain and 
stool frequency. If possible proximal small intestinal 
mucosal biopsy was repeated before cows’ milk was 
reintroduced to their diets. Morphometric analysis 
of the biopsy specimens was again performed and 
the results were compared with those of the speci- 
mens obtained on presentation. 

Other features of the children with enteropathies 
that were reviewed were: the manner of initial 
presentation with cystic fibrosis; a personal or family 
history of atopy; and any investigations which 
might have indicated an atopic tendency. These 
included examination of peripheral blood for 
eosinophils, skin prick tests for allergens, and 
estimation of serum IgE and specific IgE concentra- 
tions. Sixteen per cent of all children attending our 
clinic during the 12 year period presented with 
meconium ileus. 


Results 


In nine of the 17 children proximal small intestinal 
biopsy specimens were histologically normal. They 
were aged from 3 months to 12 years (median 2 
years). Seven were girls and two boys. No patho- 
genic organisms were detected in their stool samples, 
and G lamblia was not detected in any duodenal 
aspirate. No gastrointestinal cause other than cystic 
fibrosis was found to explain their failure to thrive 
and chronic diarrhoea. 


Histological and morphometric findings in the 
biopsy specimens from the remaining eight children 
were abnormal and consistent with cows’ milk 
sensitive enteropathy—that is, they had thin mucosa 
with reduced villous height (fig 1). Seven of these 
children were boys, and their ages ranged from 
5 months to 28 months (median 10). This group 
included one of the children who underwent small 
intestinal mucosal biopsy at the same time as cystic 
fibrosis was diagnosed. Rotavirus was detected by 
electron microscopy both in the stool and within the 
small intestinal mucosa of one child. No pathogens 
were detected in stool or duodenal aspirate from any 
other patient. 

The child with most frequent diarrhoea (10 times 
a day) had an enteropathy, while the child without 
diarrhoea did not. Apart from these two cases, there 
was no obvious difference in stool output between 
those children with enteropathy and those with 
normal small intestinal mucosa. 

Patients with enteropathy were on a variety of 
cows’ milk based feeds. Three were on formula 
feeds, two were on cystic mix, one was on doorstep 
milk, and the other two on skimmed milk. 

Four of the eight children with enteropathy had 
originally presented with meconium ileus, whereas 
about 16% of all children attending the clinic over 
the 12 years had presented in this manner. The other 
four had presented with failure to thrive, and one 
also had recurrent chest infections. At the time of 
small intestinal mucosal biopsy the weights of five 
were below the third percentile (and the other three 
on or below the 10th), all their birth weights had 
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Fig1 Morphometric findings in patients with and without 
cows’ milk sensitive enteropathy. Dots represent the 13 
patients studied, and vertical bars the findings of Maluenda 
etal (mean (SD)).° 
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been in the normal range. All seven available for 
follow up had developed atopic symptomis, which 
included asthma in five, eczema in two, and urticaria 
in one. Three children had appreciable eosinophilia 
(more than 400x10$/1) on at least one occasion. 

Disaccharidase activities were normal in the four 
histologically normal biopsy specimens in which 
they were measured. Sucrase and maltase activities 
were normal in the six children with enteropathy in 
which they were measured. Lactase activity was 
reduced in two (0-5 and 0-8 mmol/min/g). This was 
not associated with clinical lactose intolerance in 
either child. 

Seven of the eight children with small bowel 
mucosal abnormalities compatible with the diagnosis 
of cows’ milk sensitive enteropathy had cows’ milk 
withdrawn from their diets; Pregestimil was used as 
a substitute feed. The diagnosis does not seem to 
have been considered in one child who was biopsied 
in 1976, who remained on cows’ milk, and who 
continued to fail to thrive. He died from a chest 
infection aged 3 years. 

In six of the seven children stool consistency 
improved, stool frequency fell to two or three times 
a day, and they had ‘catch up’ weight gain. One 
child whose weight on presentation was well below 
the third percentile (3-6 kg at 6 months) almost 
reached this percentile in six months. One child’s 
weight climbed from the third to the 10th percentile, 
two from the tenth to the 25th, and two reached the 
50th percentile (one from the third and the other 
from the 10th). ; 

The one child who did not improve rapidly 
underwent a further proximal small intestinal biopsy, 
which showed that enteropathy was still present. 
Gluten was excluded from his diet in addition to 
cows’ milk, and a third biopsy showed improvement 
in the histological picture. He underwent two 
further biopsies, both of which were normal. The 
first was at 3 years of age after cows’ milk was 
reintroduced to his diet, and the other at 4 years of 
age when his diet also included gluten, so he had 
transient gluten intolerance rather than coelic 
disease. 

Small intestinal biopsy was also repeated in four 
of the seven other children with enteropathy 2-14 
months later while they were receiving cows’ milk 
free diets. Reasons for not repeating the biopsy in 
the other three were: adverse social circumstances 
(n=1), follow up continued elsewhere (n=1), and 
cows’ milk sensitive enteropathy not recognised 
(n=1). All five biopsy specimens showed obvious 
improvement on histological examination. | 

Four of the five specimens were suitable for 
morphometric analysis. Fig 2 shows the results of 
morphometry in these, and compares them with the 
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Fig2 Morphometric findings in patients with cows’ milk 
Sensitive enteropathy on presentation and on a diet free of 
cows’ milk. Dots represent the four patients biopsied twice, 
and vertical bars the findings of Maluenda et al (mean 
(SD)).° 


morphometric findings on presentation. In four the 
mucosal thickness improved, and in all cases the 
ratio of villous height:crypt zone depth improved. 

Disaccharidase activities were again measured, 
and the child who had had the lowest lactase activity 
now had one within the normal range (1-8). 

The children were challenged with cows’ milk 
from 2-13 months (median 10 months) after exclud- 
ing it from their diets. There were no adverse 
reactions, weight gain continued at the same rate as 
previously, and stool frequency was unchanged. 


Discussion 


Cows’ milk sensitive enteropathy was a common 
problem among the children under 3 years old (8/13, 
62%) who were selected from our cystic fibrosis 
clinic for small intestinal mucosal biopsy. As 105 
children had presented to our clinic by 3 years of age 
from 1975-87, the overall incidence of the entero- 
pathy in children presenting with cystic fibrosis in 
this age group was 1/13. The incidence of cows’ milk 
sensitive enteropathy in the general population is 
difficult to establish, particularly as so many children 
are started on restricted diets without seeing a 
doctor, but it seems to be considerably lower than 
this. 

Three possible reasons for a high incidence in 
children with cystic fibrosis are: the association of 
cystic fibrosis with atopy!? (cows’ milk sensitive 
enteropathy is an atopic related disorder), increased 
intestinal permeability,’ and impaired digestion of 
protein due to insufficient pancreatic trypsin leading 
to a high antigen load presenting to the small 
intestinal mucosa. 
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The main features of this group of patients were 
the unequal sex ratio, the high incidence of atopy, 
and the presentation with meconium ileus. A 
predominence of boys with a family history of atopy 
has-previously been reported in a group of children 
presenting with cows’ milk sensitivity.1* Atopic 
symptoms are common in children with cows’ milk 
sensitive enteropathy alone,” and as already men- 
tioned atopy is associated with cystic fibrosis.!° The 
incidence of meconium ileus would of course be 
higher in this group than among all children with 
cystic fibrosis, as cows’ milk sensitive enteropathy is 
a disease of infancy, and many children with cystic 
fibrosis present later. The incidence of 50% is 
surprisingly high, however, when the overall inci- 
dence in our clinic was 16%. 

In some cases, although the mucosal appearance 
had improved when cows’ milk was excluded from 
the diet, it was not entirely normal. This is similar to 
previous findings® and could indicate that in spite of 
advice from a dietitian these children may have 
continued to ingest some cows’ milk. Alternatively 
they may have reacted to Pregestimil or other 
dietary constituents, although this was not clinically 
apparent. One child was intolerant of gluten, which 
illustrates the fact that multiple food intolerances 
may co-exist." It was because of this that Pregestimil 


was used as a cows’ milk substitute (rather than a 


soya based milk), because at least 15% of children 
intolerant of cows’ milk also react to soya milk.’ As 
all the children treated for cows’ milk sensitive 
enteropathy were given Pregestimil feeds, there 
were no ‘control’ children. It could be argued that 
children with cystic fibrosis, even without cows’ milk 
sensitive enteropathy, would thrive better on Pre- 
gestimil than cows’ milk feeds because Pregestimil 
contains fat in the form of medium chain triglycerides 
which are water miscible and more rapidly hydrolysed 
by pancreatic lipase than long chain triglycerides. 
Cows’ milk feeds, however, do have the advantages 
of higher salt and protein contents. When our group 
of children were restarted on diets containing cows’ 
milk there were no noticeable changes in the rate of 
weight gain, so there was no evidence that either 
milk was superior once tolerance to cows’ milk had 
been achieved. 

Although cases of cows’ milk sensitive entero- 
pathy in patients with cystic fibrosis do not seem to 
have been reported previously, the enteropathy may 
have been described.* © 1° Antonowicz et al re- 
perted 27 cases of cystic fibrosis with steatorrhoea in 
association with small bowel enteropathy; no ex- 
planation for the enteropathies was given.* Reduc- 
tion in disaccharidase activities was thought to be 
secondary to the partial villous atrophy (as in our 
two cases with low activities of lactase on presenta- 


tion). Nordio et al also described a child with 
reduced disaccharidases ‘associated with a flatness 
of intestinal mucosa’.! Of 17 children with cystic 
fibrosis described by Gibbons, the one patient with 
clinical and biochemical evidence of lactase intoler- 
ance underwent small intestinal biopsy.'° There was 
flattening of the mucosa with villous atrophy and 
reduced disaccharidase activity. No explanation was 
given for the enteropathy. In view of our findings, it 
seems likely that some of these cases were of cows’ 
milk sensitive enteropathy. : 

Only two of our children had low lactase activity 
on presentation, and there was no evidence of 
lactose intolerance. Lactase deficiency has been 
associated with cystic fibrosis in the past.? 4 > t6 
There was a single case report of lactase deficiency 
in a 3 year old boy in 1963,? and three cases were 
reported in 1966.% In 1968 seven cases were 
described* and a genetic association with cystic 
fibrosis was postulated, but on review 10 years 
later!’ the incidence was considered to be no higher 
than in the general population and was thus thought 
not to be secondary to cystic fibrosis. Other reports 
have been inadequate as either the diagnosis of 
cystic fibrosis was in doubt as sweat tests were 
normal,!* or a lactose load did not cause diarrhoea. '® 

In conclusion, cows’ milk sensitive enteropathy 
should be considered in the differential diagnosis of 
persistent failure to thrive in younger children with 
cystic fibrosis, particularly in view of our high 
incidence of 1/13 in patients under 3 years of age. 
We would not recommend a cows’ milk free diet for 
newly diagnosed infants with cystic fibrosis if they 
are gaining weight well and have formed stools on 
treatment with pancreatic supplements, but there 
may be a place for giving a medium chain trigly- 
ceride containing protein hydrolysate formula feed 
plus pancreatic supplements to newly diagnosed 
infants who have frequent stools and poor weight 
gain on treatment with a suitable cows’ milk based 
feed and pancreatic supplements. Some clinicians, 
however, might prefer to do a small intestinal biopsy 
first to exclude the rare tase of coeliac disease. It is 
important to make the diagnosis and treat correctly 
as optimal nutritional state is thought to have such a 
profound effect on overall health, and possibly 
survival.!° 2° Recurrent respiratory infections, 
which can result in reduced life expectancy, are 
thought to be less of a problem in a child in a good 
nutritional state,> and this study shows that cows’ 
milk elimination has an appreciable impact on the 
nutritional state of some patients with cystic fibrosis. 
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Rectal mucosa in cows’ milk allergy 
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SUMMARY E‘even infants who were suspected clinically of having cows’ milk protein sensitive 
enteropathy were fed with a protein hydrolysate formula for six to eight weeks, after which they 
had jejunal amd rectal biopsies taken before and 24 hours after challenge with cows’ milk protein. 
When challerged six infants (group 1) developed clinical symptoms and five did not (group 2). In 
group 1 the I=sions developed in both the jejunal mucosa (four infants at 24 hours and one at 
three days), and the rectal mucosa, and the injury was associated with depletion of alkaline 
phosphatase ectivity. Infants in group 2 were normal. It seems that rectal injury that develops as a 
direct conseqience of oral challenge with the protein in reactive infants may be used as one of the 
measurements to confirm the diagnosis of cows’ milk protein sensitive énteropathy. Moreover, 
ingestion of such food proteins may injure the distal colonic mucosa without affecting the 


proximal smell gut in some infants. 


Injury to the mucosa of the proximal small bowel is 
a characteristic feature of food protein sensitive 
gastrointestinal allergy.’> The pathogenesis and the 
appearance of clinical symptoms depends on several 
interdependent factors including the integrity of the 
immunodigesti~e barriers that modulate the move- 
ment of macromolecules across the gut,* the severity 
and extent of vdlous damage caused by the protein,” 
the types of immune responses triggered by the 
protein,®™ the presence of enteric infections! and 
others.* 1? At present it is not known whether the 
whole gut is potentially sensitive to the offending 
food protein im a reactive infant. In a retrospective 
study of 53 pacients aged 15 days to 17 years sus- 
pected of gaswointestinal allergy, Goldman and 
Proujansky nozed that they could separate their 
series of cases into two groups with the principal 
effects in the rectum and colon on the one hand, and 
in the small bosvel mucosa on the other.” In their 
study only 10 patients were biopsied at both sites, 
and it is not car whether these infants had food 
protein intolerence because in some the exclusion 
diet brought no relief. We have previously noted 
development o* mucosal lesions in both the proxi- 
mal jejunum and the distal colon in a single infant 
with cows’ milk protein sensitive enteropathy chal- 
lenged with ord] cows’ milk protein.> This observa- 
tion suggested -hat oral challenge with the protein 
may evoke mo-phological changes not only in the 


jejunum but also in the rectum in infants sensitive 
to food proteins. 

The present study was undertaken to obtain 
further data on changes in the rectal mucosa and 
changes in the proximal jejunal mucosa in infants 
who were allergic to milk. 


Patients and methods 


Eleven infants (six boys and five girls) who pre- 
sented with diarrhoeal disease were studied. Eight 
of them had had diarrhoea for more than seven days 
and three had recurrent bouts of diarrhoea over a six 
week period with poor weight gain before admis- 
sion. After correction of fluid and electrolyte im- 
balances,* © the infants were given a lactose free 
cows’ milk formula (AL 110, Nestlé) but these 
infants failed to improve after 48 hours. Moreover, 
only four of them had pathogens in their stools. 
Thus it was suspected clinically that the diarrhoeal 
disease was caused by intolerance to cows’ milk 
protein and so the infants were first given a formula 
free of cows’ milk protein—such as Pregestimil 
(Mead Johnson), Nutramigen (Mead Johnson), or 
Alfare (Nestlé)—and then further tests were carried 
out.’ All infants were kept in hospital until the 
stools were normal, they were feeding well, and 
gaining weight. They were then discharged home. 


' The mothers were supplied with the appropriate 
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formulas and instructed not to offer any other milk 
without consulting us. Six weeks later the infants 
were readmitted for further study. 


COWS’ MILK PROTEIN CHALLENGE TEST 

The infants were diagnosed as having cows’ milk 
protein sensitive enteropathy on the criteria out- 
lined previously based on cows’ milk protein chal- 
lenge studies.! ° In brief, the test consisted of an 
initial feed of 5 ml of a low lactose cows’ milk 
formula (AL 110, Nestlé). If no reaction occurred 
the volume was doubled hourly for the first four 
hours, and subsequently every three hours, until 
daily requirements were met. If the infants de- 
veloped severe symptoms the challenge was termi- 
nated and the infant placed on an oral rehydrating 
solution and then a protein hydrolysate formula. 


JEJUNAL BIOPSY AND RECTAL BIOPSY 
Jejunal and rectal biopsies’ were carried out after 
informed consent was obtained from the parents. 
Biopsy specimen were taken before challenge and 
then again 20-24 hours after the introduction of the 
provocation formula, irrespective of the develop- 
ment of symptoms. The proximal jejunal biopsy 
specimen was taken through the mouth with the 
Watson paediatric capsule placed at, or just distal 
to, the duodenal-jejunal flexure. The specimen was 
then examined under a dissecting microscope. A 
portion of the specimen was sent for histological 
examination, and the remainder for enzyme assay or 
other studies. 

Appearances of the jejunal biopsy specimen were 
classified according to: (i) villous morphological 
appearance under the dissecting microscope, (ii) 
villus:crypt height ratio, (iii) epithelial cells, and 
(iv) the degree of cellular infiltration. The morpho- 
logical changes in the mucosa were scored by our 
modification’ * of the method of Townley et al.” 

The rectal biopsy specimen was taken with a 
Watson paediatric capsule 7-10 cm from the anus. A 
portion of the tissue was sent for histological 
examination and the remainder for enzyme assay. 
The main histological features noted were (i) 
morphological changes, necrosis, and degeneration 
of the epithelial cells; (ii) the degree of inflamma- 
tory infiltration of the epithelial layer; (iii) the 
density of the inflammatory cells within the lamina 
propria; and (iv) signs of degeneration and necrosis 
in the crypts and glandular cells. 


ASSAY FOR ALKALINE PHOSPHATASE 

Biopsy specimens, frozen at —20°C for no longer 

than two weeks, were used for the assay. Alkaline 

phosphatase and protein estimation on the tissue 
- were carried out as described previously.!® 
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OTHER INVESTIGATIONS 

Attempts were made to isolate parasitic, bacterial, 
and viral pathogens from the stools by culture, and 
by light and electron microscopy. In addition, a 
mucosal imprint was taken routinely to detect 
Giardia lamblia by the method of Kamath and 
Murugasu.”? Testing of stools by the Clinitest 
method” to detect secondary sugar intolerance was 
carried out at initial illness and after cows’ milk 
protein challenge if diarrhoea occurred. 


STATISTICAL ANALYSIS 

The changes in the alkaline phosphatase activities 
(IU/g protein) between the two sets of biopsy 
specimens of the jejunal and rectal mucosa were 
analysed by the paired Student’s t test corrected for 
small sample size. 


Results 


Two Malay infants, four Chinese, and five Indians 
were studied. One infant was breast fed for a month, 
two had had bottle and breast feeds for a month, 
and the remaining eight had been bottle fed from 
birth. 

At admission all 11 infants had diarrhoea, and 
other symptoms included vomiting (n=4), fever 
(n=4), anal excoriation (n=8), and abdominal 
distension (n=1). Sugar intolerance (positive Clini- 
test) was present in all the infants. 

Salmonella spp and Escherichia coli were each 
isolated from the stools of one infant, and rotavirus 
from two infants. The stools from the remaining 
infants did not grow any bacterial, viral (rotavirus), 
or parasitic enteric pathogens. The clinical features 
of the infants are summarised in table 1. 

At readmission, after a six to eight week period of 
receiving a protein hydrolysate formula, all the 
infants were clinically well and had gained weight 
satisfactorily. In none did the stools grow any 
enteric pathogens. 


CHALLENGE STUDIES . 3 
On the basis of the clinical response to challenge 
with cows’ milk protein the infants were divided into 


. two groups. 


Group 1 comprised six infants who developed 
symptoms of diarrhoea, vomiting, fever, lethargy, 


Table 1 Clinical features in 11 infants with diarrhoea. 
Figures are expressed as median (range). 


120 (21-510) 
113 (14-495) 
7 (2-21) 


Age at admission (days) 
Age at onset of diarrhoea (days) 
Duration of diarrhoea (days) 
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and weight loss. The symptoms occurred between 
two and 24 hours in four, and two to 14 days in the 
cther two. In four of these six infants the jejunal 
mucosa after challenge had demonstrable morpho- 
logical changes associated with significant (p<0-01) 
depletion of the mucosal alkaline phosphatase 
activities (table 2). Two infants, however, one with 
symptoms at 48 hours and the other after 14 days, 
did not show morphological changes in the jejunal 
mucosa 24 hours after the challenge. Interestingly, 
in one of these two infants the mucosal alkaline 


phosphatase activity after challenge was considerably 
increased over that before the challenge. A repeat 
biopsy in the latter infant, however, three days after 
the challenge (while still on cows’ milk) and 24 hours 
after clinical symptoms had appeared, showed severe 
morphological changes in the jejunal mucosa; these 
were also associated with severe depletion of the 
mucosal alkaline phosphatase activity. A repeat 
biopsy in the other infant was not done. The rectal 
mucosa after challenge in all six infants had severe 
morphological changes associated with significant 


Table 2 Changes in the histological condition and alkaline phosphatase content of jejunal and rectal mucosa in six infants 
who reacted to challenge with cows’ milk protein (group 1) 











Case Nos Mean P 
(SD) Value 
1 2 3 4 5 6 
Duration of symptoms (hours) 2 hours 10 hours 60 hours 42 hours 48 hours 14 days 
Jejunal mucosa 
Histological score? 
Before challenge 0 0 3 2 0 0 0-8 (1-3) 
24 Hours after challenge B 10 12 10 2 2 8-2 (4-9) <0-01 
Alkaline phosphatase (IU/g protein) ; 
Before challenge 168-0 140-0 124-0 111-4 86-3 108-0 123-0 (28-4) <0-01 
24 Hours after challenge 19-0 32:0 92-4 34-6 129-2 88-9 66-0 (43-7) 
Change (%) 88-7 77-1 25-5 —68-9 +49-5 -17-7 —463 
Rectal mucosa* 
Alkaline phosphatase (IU/g protein) 
Before challenge 30-5 14-5 25-4 12-1 9-5 23-1 18-4 (7-9) Noe 
24 Hours after challenge 4-9 2-2 5-6 6-1 1-4 1:8 3-6 (1-9) 
Change (%) —83-9 —84-8 —49-6 —85-3 —92:2 —80-7 


—78-0 


*Histological appearances in all cases were normal before challenge and showed evidence of damage after challenge. 


Table3 Changes in the histological condition and alkaline phosphatase content of jejunal and rectal mucosa in five infants 
who did not react to challenge with cows’ milk protein (group 2) 








Case Nos Mean P 
(SD) Value 
I 2 3 4 5 
Jejunal mucosa 
Histological score? 
Before challenge 3 2 2 0 0 1-4 (1-3) >0-05 
24 Hours after challenge 3 3 4 2 2 2-8 (0-7) 
Alkaline phosphatase (IU/g protein) 
Before challenge 52-1 88-6 45-9 167-5 120-0 94-8 (45-8) 
24 Hours after challenge 178-7 78-5 201-5 145-2 128-0 146-4 (47-5) 0-8 
Change (%) +243-0 —11-4 +339-8 —13-3 +6-7 +54-4 
Rectal mucosa* 
Alkaline phosphatase (IU/g protein) 
Before challenge 4-9 15-0 3-7 12-6 8-4 8-9 (4-8) 
24 Hours after challenge 13-6 22-0 4-2 8-3 7-0 11-0 (7-0) 0-6 
Change (%) +177-6 +46-7 +13-5 —34-1 —16-7 +23-6 


*Histological appearances were normal both before 


and after challenge. 


(p<0-01) depletion in mucosal alkaline phosphatase 
activities. 

Five of the six reactive infants (early and delayed) 
required hypoallergenic milk substitutes to recover. 
The sixth infant (case 5, table 2) had diarrhoea with 
perianal excoriation for three days but improved 
spontaneously despite continued feeding with cows’ 
milk protein. He was not available for further biopsy 
studies. 

Group 2 comprised five infants who did not react 
to the challenge with cows’ milk protein. The rectal 
mucosa in these infants showed no change. The 
alkaline phosphatase activities after challenge were 
increased in the jejunal biopsy specimen in two 
infants, and in the rectal biopsy specimen in three 
infants (table 3). 


HISTOLOGICAL FEATURES OF RECTAL BIOPSY SPECIMENS 
The architecture of the rectal mucosa before chal- 
lenge with cows’ milk was normal and there was no 
evidence of crypt branching, atrophy, or dense 
inflammatory cell infiltration of the lamina propria. 

The rectal mucosa after challenge in the six 
infants who reacted to the cows’ milk protein 
showed several abnormal features: cuboidal meta- 
plasia with loss of polarity of the nuclei of the epi- 
thelial cells; increased infiltration of the epithelium 
with lymphocytes; necrosis of the surface epithelial 
cells; infiltration of the lamina propria with inflam- 
matory cells (lymphocytes, plasma cells, monocytes, 
and eosinophils); necrosis of the crypts and gland- 
ular cells; and variable degrees of mucin depletion 
in the glandular cells. 


Discussion 


Our criteria for the diagnosis of cows’ milk protein 
sensitive enteropathy are based on the morpho- 
logical changes of the jejunal mucosa and develop- 
ment of clinical symptoms within 24 hours of chal- 
lenge with cows’ milk protein. 11 Using these criteria 
only four of the 11 infants in the present series were 
diagnosed as having cows’ milk protein sensitive 
enteropathy; the other seven infants were con- 
sidered not to have it. In two of the latter seven 
infants, however, though the oral challenge induced 
no jejunal abnormality, symptoms appeared two to 
14 days after challenge with cows’ milk protein. 
These two infants with delayed reactions would not 
have been classified as having cows’ milk protein 
sensitive enteropathy by our criteria because the 
jejunal biopsy was unchanged 24 hours after chal- 
lenge with cows’ milk protein. In one of the two 
infants, a follow up biopsy obtained three days after 
the challenge, indicated mucosal injury, but the 
other infant was not subsequently biopsied. Never- 
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theless an interesting feature of all the reactive 
infants, both early and delayed, was the develop- 
ment of rectal mucosal lesions associated with 
depletion of mucosal alkaline phosphatase activity. 

The rectal mucosal abnormality appeared within 
24 hours of initiating the oral milk challenge, which 
strongly suggests that the cows’ milk proteins were 
directly responsible for the response. In some the 
rectal changes may have been caused by the diar- 
thoea, which could have brought toxic products 
from the upper gut to the colon and rectum, but in 
two cases this was not so because colonic changes 
occurred in the absence of jejunal changes. More- 
over, none of the five unreactive infants had similiar 
lesions in the rectal mucosa. These observations 
suggest that the ingested food proteins could cause 
damage to the distal colon independently of the 
proximal small gut. The pathogenetic mechanisms 
responsible for the rectal mucosal injury remain 
unclear, but the increased infiltration with mono- 
nuclear cells and eosinophils suggests an immune 
associated injury. Although colitis and proctitis 
specifically induced by milk proteins are well known 
in children,”*™ their association with gastroenteritis 
remains uncertain. ; 

The severe proctitis in the two infants who did not 
have any injury to the proximal jejunum is an 
unexpected but interesting finding. In both the 
infants symptoms were delayed. Goldman and 
Proujansky in their study of 53 infants with allergic 
gastroenteropathy observed that of 15 cases of 
allergic proctitis, all but one had lesions limited to 
the rectum and colon. These, together with our 
present observations, are contrary to previous 
reports in which severity of mucosal damage caused 
by gluten or cows’ milk protein, were noted to 
decrease in severity craniocaudally. We noted that 
mucosal disaccharidases and alkaline phosphatase 
activities were depleted in both the proximal and 
distal jejunal biopsy specimen after challenge with 
cows’ milk but the enzyme depletion was greater in 
the proximal than in the distal biopsy specimens. 
This craniocaudal decrease in severity of mucosal 
damage was more obvious in reactive infants who 
had only mucosal injury compared with reactive 
infants who had both mucosal injury and symptoms. 
In the latter group the mucosal response was more 
widespread, and in one case lesions were also noted 
in the rectal mucosa. 

Grybowski has shown that the rectal mucosa 
was damaged and there were clinical features of 
enterocolitis i in eight infants sensitive to cows’ milk 
protein.” Taken together it appears that the entire 
gut is potentially sensitive to cows’ milk protein in 
cows’ milk protein sensitive enteropathy. The extent 
and severity of damage to the mucosa after chal- 


1260 Iyngkaran, Yadav, and Boey 


lenge with cows’ milk protein in reactive infants 
depend on several opposing sets of factors, with 
competency of the immunodigestive system and 
other protective barriers of the mucosa on one side, 
and the quantity and immunogenecity of cows’ milk 
protein and other adverse factors (such as enteric 
infection and age of infant) on the other. Thus the 
clinical and pathogenetic responses may be part of a 
broad range of reactions in which the site, nature, 
severity, and extent of damage will depend on the 
spread of the protein and the nature of the infant’s 
immune response. 

In clincial practice the management of infants 
with chronic diarrhoea requires the need to establish 
whether the illness is caused by intolerance of food 
protein. Although jejunal biopsy through the mouth 
has been the preferred method of diagnosis, it has 
the disadvantage of requiring expensive equipment 
and skilful intubation. By contrast, rectal biopsy 
may be obtained quickly with little equipment and 
could be the alternative option when jejunal biopsy 
is not possible. This study shows that the changes in 
rectal mucosa before and after challenge with oral 
cows’ milk protein predicted intolerance to cows’ 
milk in the infants studied. 


Tke project was partly funded by CHILD (Child Information, 
Learning and Development Centre) Malaysia, and Dumex 
Malaysia. Some facilities were provided by the Institute of 
Advanced Studies. 
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Which routine test for kidney function? 


A PARKIN,,H C SMITH,* AND J T BROCKLEBANK* 
Department of Medical Physics and * University Department of Paediatrics, St James’s University Hospital, 


Leeds 


SUMMARY Eighty measurements of plasma creatinine concentration, height:creatinine ratio, 
and plasma z microglobulin concentration were made on 72 children (age 4 months-18-5 years) 
with known renal disease. Results were compared with simultaneous measurements of 
glomerular filtration rate using plasma clearance of *'Cr edetic acid to assess the performance of 
each test as an initial screening procedure of renal insufficiency. Height:creatinine index <2-1 
was found to have a higher sensitivity and predictive value of a normal result than the other tests 
and is therefore the preferred test for a screening procedure. 


A simple reliable method of measuring glomerular 
filtration rate is important in the routine assessment 
of children with renal disease. The creatinine clear- 
ance test is inherently inaccurate with poor repro- 
ducibility.' Radionuclide clearance methods are 
more accurate but available only in specialised 
centres. Therefore, the plasma creatinine alone is 
used in the routine assessment of glomerular filtration 
rate. In children, as plasma creatinine concentration 
changes with age, correction is made for changes 
due to growth by calculating a height:creatinine 
index, which has some advantages.” 

There is an inverse relationship between plasma 
B2 microglobulin concentration and glomerular fil- 
tration rate and it has been suggested that this is 
used to measure glomerular filtration rate.? In 
contrast with creatinine its plasma concentration is 
unaffected by diet’ but its production is enhanced by 
active infection or malignancy. 

The aim of this study was to compare the 
sensitivities and predictive values of plasma concen- 
tration, height:creatinine index, and plasma 
P2 microglobulin as methods of assesssing glomerular 
filtration rate using plasma clearance of *!Cr edetic 
acid as a ‘gold standard’ so that recommendations 
can be made to the non-nephrologist for the test that 
is most helpful for routine clinical use. 


Patients and methods 


Seventy two children known to have renal disease 
were studied. There were 33 girls and 39 boys aged 
between 4 months and 18-5 years. Four of these 
children had two measurements and a further two 


had three measurements after intervals of several 
months making 80 observations in total. All the 
children were weighed, their heights measured using 
a Harpenden stadiometer, and their surface areas 
calculated using the Dubois formula.‘ Fasting plasma 
creatinine concentration was measured by a kinetic 
Jaffe reaction using a Rank Elger Chemspeck 
autoanalyser. The B2 microglobulin was measured 
by radioimmunoassay (Phadebas (R) B2 microtest, 
Pharmacia Diagnostics). Sera were stored at —20°C 
before analysis. 

Glomerular filtration rate was calculated from the 
plasma clearance of >'Cr edetic acid using standard 
methods.° Results were corrected to 1-73 m? body 
surface area before analysis. 

Impaired renal function was defined as a plasma 
clearance of Cr edetic acid of less than 
80 ml/min/1-73 m? in children over 3 years. In those 
under 3 years when normally glomerular filtration 
rate changes with age, renal impairment was defined 
as clearance more than two standard deviations 
below the published mean for age.® 

Normal plasma creatinine concentration has a log 
normal distribution.’ All analysis were therefore 
performed after logarithmic transformation and 
standard statistical methods were applied. 


Results 


The mean coefficient of variation of the creatinine 
measurement at a plasma concentration of 70 umol/| 
was 8% and of B2 microglobulin was 6% on both 
repeated measurements of the same sample and 
repeated samples from the same patient. The 
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Figure Distribution of height:creatinine and clearance of 
>! Cr edetic acid in all patients. 


reproducibility of the plasma clearance of CE 
edetic acid in six healthy adults was 4%. 

The plasma clearance of ~'Cr edetic acid was 
greater than 80 ml/min/1-73 m? in 58 measurements 
(mean (SD) 140 (28)). There was a linear relationship 
between plasma clearance of *'Cr edetic acid and 
licreatinine, 1/6, microglobulin, and height: 
creatinine index with correlation coefficients of 
0-88, 0-87, and 0-85 respectively. The distribution of 
plasma clearance of "Cr edetic acid and height: 
creatinine index for the patients studied is shown in 
the figure. The geometric means and ranges of 
plasma creatinine and Bz microglobulin of patients 
with normal plasma clearance of >!Cr edetic acid are 
shown in table 1. Age had a greater effect on 
creatinine than 8 microglobulin. Sex had no effect 
on the plasma B, microglobulin concentrations at 


any age and the results of boys and girls were 
combined. A sex difference was observed between 
plasma creatinine concentration of boys and girls 
over 12 years. 

Twenty two of the 80 observations showed 
abnormal clearance (range 10-77, mean (SD) 
50 (25) ml/min/1-73 m’). ; 

It has been suggested that the height:creatinine 
index can be used to predict glomerular filtration 
rate; and index of less than 1-5 corresponding to a 
glomerular filtration rate less than 80 ml/min/ 
1-73 m? and greater than 2-1 predicting a glomerular 
filtration rate greater than 80 ml/min/1-73 m?.? 

Table 2 shows details of the results of the four 
tests considered. Plasma creatinine and B, micro- 
globulin were considered abnormal if they were 
greater than the normal range in table 1. From these 
the sensitivities, specificities, and predictive values 
were calculated and are shown in table 3. 


Table2 Test results compared with plasma clearance of 
>! Cr edetic acid 











Test Plasma clearance of 
result *!Cr edetic acid 
>80 mlimin <80 mlimin 

4 . - 57 7 
Pz microglobulin + 1 15 
Fus - 55 8 
Creatinine + 3 14 
ETO ae 46 2 
Height:creatinine <2-1 4 12 20 
TON ios - 57 7 
Height:creatinine $ l 15 





Table1 Plasma creatinine and Bz microglobulin concentrations in children with a plasma clearance of 3I Cr edetic acid 


greater than 80 mllmin{1-73 n? 

















Age No of children Bz microglobulin (gil) Creatinine (umoll/l) 
(years) 
Boys Girls Geometrical Range Geometrical Range 
mean mean 
0-3-2-9 2 6 2415* 1306—4467 32-9* 15-0-73-0 
3-0-7-9 8 6 2070 1462-2931 47-0* 34-9-63-2 
8-0-11-9 9 9 1745 1067-2885 53-2 33-0-85-8 
12+ 12 6 1584 896-2802 58:8 39-5-87-4 
Boys 66-0 44-3-98-2 
Girls 48-0 42-0-54-9 





*Significant difference from mean 12+ age group. 
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Table 3 Sensitivity, specificity, and predictive values of renal function tests. Results are percentages 
Test Sensitivity Specificity Predictive Predictive 

value of value of 

abnormal normal 

result result 
Creatinine >2 SD 64 95 82 87 
B2 microglobulin 68 98 94 89 
Height:creatinine <2-1 91 79 63 96 
Height:creatinine <1-5 68 98 94 89 
Discussion required for B> microglobulin limit its usefulness as a 


In a situation where no single test has clear 
advantages in terms of sensitivity and specificity, the 
relative importance of each must be considered. 
Table 3 shows that the sensitivity of height:creatinine 
index <2-1 is higher than the other tests but its 
specificity is inferior. 

Failure to detect reduced glomerular filtration 
tate in a child could result in progression of disease, 
further deteriorating renal function, and irreversible 
damage. Conversely, the consequence of a false 
diagnosis of reduced glomerular filtration rate is that 
the patient will be referred for unnecessary addi- 
tional investigations. A preliminary screening test 
must therefore, above all else, have a high sensitivity 
and a high predictive value of a normal test. 

Plasma creatinine corrected for age and sex was 
more specific than height:creatinine index <2-1 
but its sensitivity was inferior. Similarly, height: 
creatinine index <1-5 and Bz microglobulin had high 
specificity but lower sensitivity. In addition, the 
higher cost and more complex assay procedure 


screening test in routine clinical practise. 

The test with clear advantages of higher sensitivity 
and higher predictive value of a normal result was 
height:creatinine index <2-1. 
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Neonatal renal function assessment 
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General Hospital 


SUMMARY Urine samples from neonates admitted to a special care baby unit were analysed to 
establish ranges for urinary retinol binding protein, albumin, and total protein concentrations in 
healthy term and preterm infants and to investigate changes seen in disease states. Urinary 
excretion of retinol binding protein was greater in preterm infants and was increased in sick 
infants. This was greater than would be predicted from changes in creatinine excretion with 
gestational or postconceptional age. Urinary retinol binding protein appeared more sensitive to 
illness than did urinary albumin or total protein. 


The measurement of renal function in neonates is 
not easy: it is difficult to obtain timed urine 
specimens and blood sampling requires skill. Bio- 
chemical techniques that could be performed on 
untimed urine samples to predict changes in renal 
function would therefore be useful. In addition, 
current sensitive and specific techniques to measure 
individual proteins can now be used to differentiate 
between glomerular and tubular dysfunction. 

The increased excretion of albumin in urine, 
before dipstick methods or routine laboratory total 
protein methods showed abnormal results, was used 
to predict glomerular damage and later renal failure 
in diabetic patients.'* Other studies have shown 
that plasma proteins with molecular weights less 
than 30 000 daltons (for example, retinol binding 
protein and £2 microglobulin) are freely filtered at 
the glomerulus and reabsorbed at the proximal renal 
tubule.* Their reabsorption is normally quantitative 
- and therefore increased excretion of these proteins 
may indicate renal tubular damage. Bz microglobulin 
has been used in the past to assess renal tubular 
function and has been measured in infants born 
through meconium stained liquor.* There are no 
reports of urinary retinol binding protein excretion 
in healthy and sick neonates. 

Retinol binding protein is now known to be more 
stable in normal acid urine than is Bz microglobulin 
and should therefore be a preferred indicator of 
tubular function. Measurement of albumin concen- 
trations should give a measure of glomerular function. 

The degree of renal function in utero and in the 
neonatal period is affected by the gestational age of 


the infant and by factors such as infection and 
concomitant treatment with antibiotics. Renal 
function should therefore be monitored during the 
treatment of infection to minimise adverse affects on 
renal function and if possible to give early warning 
of impending renal damage. Such investigations are 
complicated by changes in renal function with 
degree of prematurity. 

In this study the urinary excretion of retinol 
binding protein, albumin, and total protein were 
measured to establish their normal ranges in healthy 
term and preterm babies and to investigate the 
effects of prematurity, illness, and antibiotic drug 
treatment on their excretion. 


Patients and methods 


Samples were collected from 221 babies admitted to 
the special care baby unit between October 1985 and 
June 1986. Babies were excluded from the study if 
they were known to have specific renal pathology, 
for example a congenital malformation or renal 
venous thrombosis. Information on gestation, birth 
weight, requirement for increased inspired oxygen 
concentration, need for ventilation, presence of 


‘jaundice requiring phototherapy, administration of 


antibiotics, and feeding (milk, intravenous glucose, 
or total parenteral nutrition) was collected on all 
babies. This information was used to divide the 
subjects into three groups: ‘well’, ‘special care’ and 
‘intensive care’. The well babies were not given 
antibiotics, did not need ventilation, and were fed 
on milk. The special care babies received intravenous 
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dextrose with or without-parenteral antibiotics. The 
intensive care babies required antibiotics, total 
parenteral nutrition, and some also required 
ventilation. f 

The antibiotics used were cefotaxime alone 
(48 babies) or netilmicin and benzylpenicillin in 
combination (42 babies). Eighteen babies received 
netilmicin alone and 21 received benzylpenicillin 
and cefotaxime together. It was hoped that the study 
would show up any differences in renal toxicity 
between these antibiotic regimes. 

The babies who were given antibiotics had all had 


Table 1 Gestation and health of subjects 














Gestation (weeks) Total 
<30 30-36 >36 
(term) 
Group: 
Well 0 31 25 56 
Special care 9 59 58 125 
Intensive care 22 13 4 33 
Total 31 103 87 221 
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an infection screen performed. The results of this, 
which included blood culture, urine culture, surface 
swabs, erythrocyte sedimentation rate, C reactive 
protein, and white cell count with differential count, 
were used to decide whether sepsis was present.® 

Untimed urine specimens were collected in a bag 
applied to the perineum and stored frozen at —20°C 
until their analysis. Specimens contaminated with 
faeces were discarded. Most specimens (60-9%) 
were collected during the first 2 days of life, with a 
few (12-9%) being collected from babies over 
1 week of age. Only the results from the first sample 
from each baby were included in the statistical 
analysis. ; 

Blood samples were only taken for assessment of 
renal function where the clinical condition of the 
baby merited it; therefore the results for plasma 
urea and creatinine are incomplete. Plasma urea and 
creatinine were measured by routine biochemical 
techniques. Urinary retinol binding protein was 
measured by radioimmunoassay.” The coefficient of 
variations of the method were approximately 6% for 
quality control samples with concentrations between 
20 and 500 ug/l. 


Table2 Plasma urea and plasma and urinary creatinine. Results for plasma urea and plasma creatinine are means 
(numbers of babies) and differences between means with 95% confidence intervals. Results for urinary creatinine are 
geometric means (numbers of babies) and ratios with 95% confidence intervals 





Gestation (weeks) 








<30 30-36 >36 
Plasma urea (mmol/l): 
Well = 3:32 (17) 4-05 (14) 
Special care 4-57 (9) 3-97 (46) 3:20 (44) 
Intensive care 4-76 (21) 3-38 (13) 697 (4 


Special care—well 
Intensive care—well 
Intensive care—special care 


Plasma creatinine (umol/1): 
Well 
Special care 
Intensive care 


Special care—well 
Intensive care—well 
Intensive care~special care 


Urinary creatinine (mmol/l): 
Well 
Special care 
Intensive care 


Special care—well 
Intensive care—well 
Intensive care—special care 


0-19 (—2-51 to 2-12) 


88-1 (9) 
86-2 (15) 


~1-91 (—19-7 to 23-5) 


1.07 (9) 
1-02 (22) 


0-95 (0-55 to 1-65) 


0-65 (—0-32 to 1-62) 
0-07 (—1-26 to 1-39) 
—0-58 (—1-82 to 0-66) 


83-2 (4) 
76-8 (34) 
70-3 (7) 


—6-43 (—29:3 to 16-5) 
—12-9 (—34-9 to 8-9) 
~6:54 (—18-7 to 5-6) 


1-61 (31) 
1-61 (59) 
1:52 (13) 


1-00 (0-72 to 1-39) 
0-95 (0-58 to 1-54) 
0:94 (0-60 to 1-48) 


—0-85 (—2-24 to 0-53) 
2:92 (—0-8 to 6-60) 
3-78 (0-0 to 7:58) 


58-5 (6) 
70-1 (22) 
1340 (2) 


11-6 (—11-8 to 35-0) 
75-5 (—520 to 670-8) 
63-9 (—524 to 651-6) 


2-67 (25) 
2:32 (58) 
5-33 (4) 


0:87 (0-54 to 1-39) - 
2:00 (0-69 to 5-76) 
2-30 (0-83 to 6-35) 
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Urinary total protein was measured by turbidi- 
metry using benzethonium chloride precipitation.® 
Urine albumin was measured by immunoturbidi- 
metry on an LKB 8086 reaction rate analyser.” The 
coefficient of variation of the method was 10% at 
39 mg/l. Urinary creatinine was measured by a 
pseudo kinetic modification of the Jaffé method. 

Data were analysed using the Statistical Package 
for the Social Sciences x (release 2.2) and Minitab 
(revision 5.1.3). Results of urinary proteins were 
expressed as ratios to the urinary creatinine concen- 
tration to correct for differences in urine flow rate. 
These urinary protein:creatinine ratios exhibited a 
skewed distribution and were logj9 transformed for 
analysis. No attempt was made to relate creatinine 
excretion to body surface area. Significance was 
tested using analysis of variance, differences between 
groups were tested using the least significant differ- 
ence test at the 1% level. The effects of combinations 
of variables were investigated using multiple regres- 
sion analysis. 


Results 


Two of the 129 babies given antibiotics had sepsis as 
shown by positive blood cultures; a further 43 were 
probably infected as shown by other indicators of 
infection such as a raised C reactive protein, white 
cell count, or erythrocyte sedimentation rate. 

The distribution of gestational age at birth is 
shown in table 1. None of the infants of less than 
30 weeks’ gestation at birth were considered healthy; 
this is to be expected as over 50% of babies of this 
gestational age would develop respiratory distress 
syndrome and require supportive treatment.?° 
Tables 2 and 3 summarise the plasma and urine 
results. Urinary creatinine results were within the 
range described by Sertel and Scopes, who studied a 
population of well, term babies.1 

In the three gestational age groups there were 
trends towards higher levels of albumin:creatinine, 
retinol binding protein:creatinine, and total protein: 
creatinine excretion ratios with increasing degrees of 


Table 3 Urinary albumin, retinol binding protein, and total protein: creatinine ratios. Results are geometric means 


(numbers of babies) and ratios with 95% confidence intervals 





Gestation (weeks) 














<30 30-36 >36 

Urinary albumin:creatinine 

(mg:mmol): 

Well — 21:3 (31) 11-9 (25) 

Special care 26-2 (9) 18-4 (59) 13-8 (57) 

Intensive care 36-4 (22) 21-1 (13) 58-7 (4) 

Special care—well — 0-86 (0-82 to 0-90) 1-17 (0-70 to 1-96) 

Intensive care—well — 0-99 (0-92 to 1-06) 4-97* (1-55 to 15-9) 

Intensive care—special care 1:339 (1-09 to 1-76) 1-15 (1-08 to 1-23) 4:26 (1-40 to 13-0) 
Urinary retinol binding protein:creatinine 

(ug:mmol) 

Well — 251-2 (31) 39-4 (25) 

Special care 1845-0 (9) 365-9 (59) 123-3 (55) 

Intensive care 2454-7 (21) 727-8 (13) 1849.2 (4 

Special care—well — 1-46 (0-68 to 3-14) 3-13* (1-38 to 7-07) 

Intensive care—well — 2-90 (0-92 to 9-10) 46:94* (7-60 to 289-8) 

Intensive’ care—special care 1-33 (0-87 to 2-05) 1-99 (0-69 to 5-75) 15-00* (6-06 to 37-14) 
Urinary total protein:creatinine 

(mg:mmol): 

Well — 200-9 (31) 108-3 (25) 

Special care 312-0 (9) 193-9 (58) 137-0 (56) 

Intensive care 315-6 (22) 204-3 (13) 368-1 (3) 


Special care—well 
Intensive care—well 


Intensive care—special care 


1-01 (0-89 to 1-15) 





0-97 (0-74 to 1-26) 
1-02 (0-68 to 1-52) 
1-05 (0-87 to 1:27) 


1:27 (0-98 to 1-63) 
3-40* (1-79 to 6-47) 
2-69* (1-86 to 3-89) 


illness (see table 3); these changes were significant 
in the term (greater than 36 weeks) babies. The 
differences between the well, special care, and 
intensive care groups that were significant are shown 
in table 3. Only the well and intensive care groups 
could be distinguished for urinary albumin:creatinine 
ratios, whereas all groups were different for the 
retinol binding protein:creatinine ratio. The well 
and special care groups were different from the 
intensive care group but were not different from 
each other for the total protein:creatinine ratio. The 
increases in the term babies were larger than those 
in the 30-36 week gestation group. 

Multiple regression analysis did not show any 
significant effects due to antibiotic administration or 
to the choice of antibiotic used. 

The association between urinary retinol binding 
protein and urinary albumin:creatinine ratios for 
all babies gave a correlation coefficient of 0-58 
(p<0-001). This only accounts for a 35% agreement 
between these two measurements, however, and is 
consistent with their indicating different aspects of 
renal function. 

It can be seen from table 3 that the well, term 
babies had lower values for urinary retinol binding 
protein:creatinine, albumin:creatinine, and total 
protein:creatinine ratios when compared with the 
well babies of the 30-36 week gestation group. 
These differences were significant for the retinol 
binding protein:creatinine and total protein:creatinine 
ratios (p<0-001). 

Table 4 summarises the results for well babies of 
30-36 weeks and over 36 weeks’ gestation. It can be 
seen that the well babies of over 36 weeks’ gestation 
had lower values for urinary retinol binding protein: 
creatinine, albumin:creatinine and total protein: 
creatinine ratios when compared with the well 
babies of the 30-36 week gestation group. These 
differences were significant for the urinary retinol 


Table 4 Normal ranges for well babies. Results are 
geometric mean and mean (1-96 SD) 


Gestation (weeks) 








30-36 >36 
Urinary albumin: 
creatinine 
(mg:mmol) 21-3, 1-32 (343-8) 11-9, 1-78 (78-63) 


Urinary retinol 
binding protein: 
creatinine 
(ug:mmol) 

Urinary total 
protein: creatinine 
(mg:mmol) 


251-2, 0-50 (19828-0) 39-4, 2-92 (533-2) 


200-9, 41-3 (976-8) 108-3, 55-0 (213-2) 
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binding protein:creatinine and total 


creatinine ratios (p<0-001). 


protein: 


Discussion 


Retinol binding protein is present in the circulation 
of the fetus either free or bound to prealbumin. In 
the preterm infant the plasma retinol binding protein 
is mainly from maternal sources. It was reported by 
Ismadi and Olsen that the human fetus does not 
produce significant amounts of retinol binding 
protein until about 34 weeks’ gestation.” Howells 
et al showed that plasma retinol binding protein did 
not correlate with either gestational age or birth 
weight.!? Legge did not find any retinol binding 
protein in amniotic fluid'*; however, the assay used 
was less sensitive than the radioimmunoassay used 
in this study. 

In the well babies (table 4) we have shown a 
sixfold decrease in urinary retinol binding protein: 
creatinine ratios and a twofold decrease in urinary — 
total protein:creatinine ratios with the two gesta- 
tional age groups at birth (p<0-0001). The urinary 
albumin:creatinine ratios showed a similar trend but 
at a lower level (p<0-05). These results provide 
tentative reference ranges for the excretion of these 
proteins in term and preterm neonates. 

The changes in renal function with increasing 
gestation as measured by glomerular filtration 
rate and plasma creatinine have been shown pre- 
viously." © Both these methods require blood 
sampling to be carried out. 

The decrease in the urinary retinol binding protein: 
creatinine that we have shown may indicate more 
efficient proximal tubular function as gestation 
progresses, which would agree with the more effi- 
cient glomerular filtration shown by others.!! The 
relatively minor changes in the urinary albumin: 
creatinine ratio with gestation may indicate that this 
is a less sensitive measure of renal function than 
tests of proximal tubular function in early life. 
A protein:creatinine ratio would be expected to 
decrease with increasing gestational age and skeletal 
muscle mass (table 2). However, the increase in 
urinary creatinine appears insufficient to account for 
the significant decrease in the retinol binding 
protein:creatinine ratio in the well 30-36 and 
>36 weeks groups. 

Having described reference ranges for urinary 
retinol binding protein, albumin, and total protein: 
creatinine ratios, it is now possible to investigate 
those differences that occur in illness. In this study 
the sick babies mainly has respiratory illness (either 
idiopathic respiratory distress syndrome or con- 
genital pneumonia) or generalised septicaemia, 
although bacteriological confirmation of sepsis was 
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obtained in only two babies. Unsuspected renal 
tubular dysfunction has been described by Cole et al 
in term babies born through meconium stained 
liquor*; this was detected by measuring B, micro- 
globulin in the urine. Increased urinary excretion of 
small molecular weight proteins may result from 
competition for reabsorptive sites in the proximal 
tubule. Such competition may occur from the 
presence of free branched chain amino acids as are 
present in intravenous feeding regimes. However, 
other studies have not shown branched chain amino 
aciduria in infants on intravenous feeds (V Walker, 
personal communication). 

Plasma creatinine has been used as a measure of 
renal dysfunction in neonates but, in adults, there is 
no significant rise until at least 50% of the glomeruli 
are damaged. It would be useful in the management 
of fluid and electrolyte balance in neonates to be 
able to detect renal damage before this degree of 
lass of function has occurred. 

The concentrations of plasma creatinine in all 
three gestational age groups did not change signifi- 
cantly with severity of illness (table 2), and all lay 
within the reference ranges described by Rudd 
et al.” Thus the measurement of plasma creatinine 
alone would not have detected any renal dysfunction 
in: the babies studied. 

The changes in urinary proteins with increasing 
severity of illness are most pronounced in the 
measurement of the retinol binding protein: 
creatinine ratio in each gestational age group. This 
suggests that proximal tubular function may be 
disrupted more than glomerular function in neonatal 
disease. The increase in the retinol binding protein: 
creatinine ratio with illness is most noticeable in the 
over 36 week gestation group—this may be because 
the well babies of this gestation have relatively 
mature kidneys, and illness requiring special care is 
or a more severe nature than in preterm infants who 
have less general reserve and therefore require more 
care for less severe illness. 

The number of babies in the sick term group was 
too small (see table 1) to allow the drawing of 
definite conclusions from the results. 

The results in the 30-36 week gestation group 
show no changes in ratios for urinary albumin: 
creatinine or total protein:creatinine with varying 
severity of illness. This probably reflects the overall 
immaturity of the kidney even in well babies. The 
urinary retinol binding protein:creatinine ratio does 
show a trend with severity of illness, but the ranges 
are such that significance is not reached. However, 
these results suggest that the urinary retinol binding 
protein:creatinine ratio may be the most useful for 
detecting early renal dysfunction in neonates. 

In the babies of less than 30 weeks’ gestation it is 


difficult to evaluate the results as there were no 
normals to compare with the sick babies. However, 
the results for all variables are generally higher than 
for more mature babies, again suggesting renal 
immaturity, especially of the proximal tubule. 

- This preliminary study indicates that measurement 
of specific urine proteins may provide sensitive 
indicators of changes in renal function in neonates 
either from differences in gestational age or from 
sickness. Changes in glomerular function appear less 
dramatic than changes in renal tubular function. The 
study did not detect differences in renal function 
related to antibiotic administration but numbers 
were small. The sensitivity of these non-invasive 
biochemical markers indicate they may be of use in 
further studies of renal function in the neonatal 
period. 
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Why nebulise for more than five minutes? 


C O’CALLAGHAN,* A R CLARK,+ AND A D MILNER* 
*University Hospital, Nottingham, and tFisons, Loughborough 


suMMARY The output of the drug and the particle size produced by various nebulisers were 
assessed, and sensible nebulisation times for sodium cromoglycate calculated. Three of the four 
nebuliser systems tested produced over 80% of total drug output within the first five minutes of 
nebulisation. We suggest that five minutes is an optimum nebulisation time for sodium 
cromoglycate using these nebuliser combinations. 


Nebulisation treatment can upset both child and 
parent, especially when it is prolonged. Parents 
frequently report spending up to 20 minutes nebulis- 
ing a 2 ml charge of sodium cromoglycate. As 
evaporation makes it impossible to determine out- 
put of the drug directly from weight loss of the 
nebuliser chamber, we have used a multistage liquid 
impinger to determine output of the drug and 
aerosol particle size. This has enabled us to suggest 
2n optimum nebulisation time for sodium cromo- 
glycate using the nebuliser combinations available in 
our department. 


Methods 


A multistage liquid impinger as described by May,! 
and later modified by Bell,” was used to assess the 
aerodynamic particle size distribution of the aerosol 
clouds. The device consist of a ‘throat’ that contains 
a right angle bend (to simulate the oropharynx) and 
four impaction stages. Stages 1, 2, and 3 consists of 
impaction jets together with sintered glass collecting 
discs. Water is placed in each stage to keep the 
upper surfaces of the collection discs moist. The 
fourth stage consists of a narrow jet aimed at the 
base of the collection chamber. 

The impinger had been calibrated by sampling an 
aerosol of dibutyl phthalate droplets that had been 
sized by a reference impactor (Cassella impactor). A 
50% cut off diameter was derived for each stage of 
the device and was expressed in terms of aerody- 
namic diameter. The aerodynamic diameter of a 
droplet is the diameter of a unit density spherical 
particle with the same settling velocity as the droplet 
in question. 

The impinger was assembled as shown (figure) 


and a vacuum pump used to establish a flow rate of 
60 I/minute through the device. The flow rate was 
adjusted by a pressure relief valve and was mea- 
sured with a gas flow meter. Two ml of a 1% sodium 
cromoglycate solution was put into the reservoir of 
the nebuliser chamber with a pipette. The nebuliser 
chamber was fixed so that the mouthpiece was 
central and about 2 mm from the ‘throat’ of the 
impinger before nebulisation. 

The drug output characteristics from four of each 
of the following nebulisers run for periods of 5, 10, 
and 15 minutes were determined: Pari Inhalierboy; 
Novair compressor with Cirrhus nebuliser chamber 
(Intersurgical Ltd); Medix Traveller (System B) 
(Medix Ltd); and the Nebupump compressor 
(Corri-Med Ltd) with Unicorn nebuliser chamber 
(Medic Aid Ltd). 

After nebulisation, the various stages of the 
impinger were washed out quantitatively using 
distilled water into 100 ml volumetric flasks. The 
amount of anhydrous sodium cromoglycate was 
assayed spectrophotometrically using a wavelength 
of 356 nm. The spectrophotometer had previously 
been calibrated using solutions of known concentra- 
tions of sodium cromoglycate. The absorbance for 
a 1% solution using a 1 cm silica curvette was 
measured as 166. The weight loss during nebulisa- 
tion was calculated by weighing before and after 
nebulisation. The volumetric flow rate of air 
through the nebuliser was measured in a separate 
experiment by connecting a rotameter upstream of 
the nebuliser after sealing the nebuliser to prevent 
leaks. . 

Average nebulisation rate (N) was calculated as: 
N=M/Coxt, where M=mass of sodium cromogly- 
cate in the nebulised cloud, Co=initial concentra- 
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Figure Diagram of multistage liquid impinger. The aerosol cloud is sucked through the device at 60 I/minute. Larger 
particles impact on the upper stages, smaller ones on the lower stages. The solution can then be assayed in individual stages 
to determine the amount of drug present in specific particle size ranges. 


tion of sodium cromoglycate in reservoir solution, 
and t=time (minutes). 

The average evaporation rate was calculated by 
subtracting the nebulisation rate from the rate of 
weight loss. 

Using the data acquired from the Multistage 
impinger together with the 50% cut off diameters 
for each stage of the device, a plot of aerodynamic 
size against cumulative percentage undersize was 
constructed. From this graph the following measure- 
ments were calculated: mass median aerodynamic 
diameter, which is the diameter of droplets such that 
half of the aerosol mass is contained in smaller 
droplets and half in larger droplets, and the geo- 
metric standard deviation, which is the ratio of 
84-1% diameter to the 50% (mass median aero- 
dynamic diameter) diameter; the value of the 
geometric standard deviation is a measure of width 
of the droplet distribution. The percentage of the 
aerosol mass contained in droplets of less than 4-4 um 
was also calculated. 


Results 


The mean airflow rate downstream of the nebuliser, 
average nebulisation rate, and average rate of weight 
loss caused by evaporation are shown in table 1. 
Between 20% (Novair compressor with Cirrhus 
nebuliser chamber) and 50% (Medix traveller with 
Chamber B) of the total weight loss during nebulisa- 
tion is caused by evaporation. a 

The drug output after various times of nebulisa- 
tion, the mass median aerodynamic diameter, and 
the geometric standard deviation of the four types of 
nebuliser are shown in table 2. When using the Pari 
Inhalierboy, Novair compressor and Cirrhus nebu- 
liser chamber, and Medix traveller and Chamber B, 
over 80% of the drug was delivered in the first 
five minutes of nebulisation. The Nebupump com- 
pressor in combination with the Unicorn chamber 
had a much slower output—less than 50% at five 
minutes. 

Although the Pari Inhalierboy had the greatest 
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Table 1 Air flow rate, nebulisation rate, and rate of weight loss caused by evaporation for four commonly used 
nebulisers: four of each type were tested. Results were obtained using a fill volume of 2 ml of a 1% sodium cromoglycate 


solution. Figures are given as mean (SD) 





Mean air flow rate 
downstream of nebuliser 





Average rate of 
weight loss caused by 


Average 
nebulisation 





(limin) rate (ml/min) evaporation (mllmin) 
Pari Inhalierboy 4-1 (0-3) 0-18 (0-02) 0-09 (0-003) 
Novair Compressor with Cirrhus nebuliser chamber 5 (0-5) 0-14 (0-2) 0-04 (0-008) 
Medix Traveller with Chamber B 6 (0-3) 0-08 (0-002) 0-08 (0-008) 
Nebupump Compressor with Unicorn nebuliser chamber 3-2 (0-3) 0-063 (0-005) 0-04 (0-003) 





Table 2 Drug output, mass median aerodynamic diameter, and geometric standard deviation for four commonly used 
nebulisers: four of each type were tested. Figures are given as mean (SD) 











Total output of sodium cromoglycate (mg) Percentage Mass median Geometric 
of drug aerodynamic standard 
At 5 min At 10 min At 15 min contained diameter deviation 
in particles (um) 
<4-4 um 
Pari Inhalierboy 9-2 (0-32) 9-35 (0-54) 9-38 (0-5) 40 6-1 2-13 
Novair Compressor with : 
Cirrhus nebuliser chamber 7-1 (0-47) 8-4 (0-61) 8-8 (0-6) 84-5 2-0 2-2 
Medix Traveller with 
Chamber B 7-5 (0-45) 8-15 (0-49) 8:25 (0-5) 79-8 ` 2-3 2:34 
Nebupump compressor with 
Unicorn nebuliser chamber 3-13 (0-4) 6-1 (0-42) 7-9 (0-45) 82-6 2-6 3-07 








output at five minutes its mass median aerodynamic 
diameter was 6-1 um, compared with one of 2-2-6 um 
for the other combinations. 


Discussion 


We have shown that in three of our nebulisers—the 
Pari Inhalierboy, Novair, and Medix Traveller, over 
84% of the total drug delivery from a unit dose 
charge occurs within the first five minutes. We now 
advice nebulisation for five minutes only, thus 
improving compliance. The Nebupump, however, 
with a slow delivery rate, delivered 3-13 mg of 
sodium cromoglycate during the first five minutes, 
and doubled this over the next five minutes, to 
deliver a total of 6-05 mg during the 10 minute 
period. This prolonged duration of delivery makes it 
less attractive for paediatric use. The Nebupump 
compressor produces low flow rate through the 
nebuliser chamber compared with the other com- 
pressor, which is the reason for the slow output. In 
separate studies the Unicorn chamber performed as 
well as the Cirrhus chamber and Chamber B when 
drven by a similar compressor (unpublished 
observations). 

It is important to explain to parents that effective 
nebulisation finishes while there are still droplets 


visible in the nebuliser chamber. Parents are often 
found struggling to hold the facemask to their child’s 
face for up to 30 minutes until these droplets finally 
evaporate. 

Droplets of more than 8 um tend to be captured in 
the oropharnyx of adults,’ while droplets of less - 
than 5 um are considered ideal for penetration into 
the lungs. 4 In young children the airways are smaller 
and it is possible that the optimal droplet diameter is 
even less, especially in infancy when nose breathing 
may predominate. 

It was interesting that the mass median aero- 
dynamic diameter was similar for all of the nebulisers, 
except the Pari Inhalierboy, which produced an 
aerosol with a much larger diameter. Thus although 
the Pari Inhalierboy produces the most drug at five 
minutes, many of the particles produced may well bė 
too large to enter the respiratory tract, especially in 
a young child. In theory therefore it may deliver less 


‘drug to the lungs than the Novair and Medix 


nebulisers. ; 

Using a Multistage liquid impinger it is possible to 
separate aerosol droplets into various fractions 
depending on their aerodynamic size. The quantity 
of sodium cromoglycate in each fraction can be 
determined using a spectrophotometric assay. Each 
test took under two hours to do. 


This well established method offers a way of 
defining the drug output and particle size. distribu- 
tion of commonly used nebulisers and aerosols, 
which may provide useful information when inter- 
preting trials of nebulised drugs. It is also possible to 
work out the amount of drug in particles less than a 
particular size range—for example, the amount of 
drug in particles less than 1 wm, or less than 2 pm, 
and so on; various nebulisers and nebuliser solutions 
could easily be assessed using this system. This may 
help to suggest sensible nebulisation times for the 
equipment and drug used. Newman et al have shown 
that by increasing the volume fill by adding more 
diluent, a greater proportion of the original dose 
may be released.” This would considerably increase 
the nebulisation time. In this study we have only 
considered the recommended dose. 

It is clear from the results that an appreciable 
amount of weight loss from the nebuliser is from 
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evaporation. Thus weight loss cannot be used as a 
method of measuring drug output. 
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Tumour necrosis factor-a in infectious meningitis 


D NADAL, D LEPPERT,* K FREI,* P GALLO,* H LAMCHE,+ AND A FONTANA* 


Division of Infectious Diseases and Immunology, Department of Paediatrics, University Children’s Hospital 
and *Section of Clinical Immunology, Department of Internal Medicine, University Hospital, Zurich, 
Switzerland, and }Ernst-Boehringer Institute, Vienna, Austria 


SUMMARY During a one year period tumour necrosis factor-a (TNF-a) was prospectively 
determined in the cerebrospinal fluid of 49 patients with infectious meningitis. TNF-a was found 
- in the cerebrospinal fluid of 15 of 18 patients with bacterial meningitis. In 11 patients who had 
cerebrospinal fluid positive for TNF-a it was detected in only one serum (in low concentration). 
There was no significant correlation between the concentration of TNF-a in cerebrospinal fluid 
and the patient’s age, duration of illness and fever, body temperature, and serum C reactive 
protein. However, cerebrospinal fluid protein concentrations of =2 g/l and leucocyte values of 
22-5x10°/1 were more often’ associated with high TNF-a concentrations (2500 pg/ml). In 
contrast with bacterial meningitis, none of the 31 samples of cerebrospinal fluid from patients 
with viral meningitis was positive for TNF-a. Thus this investigation supports the conclusion, 
drawn from animal studies on TNF-a in the cerebrospinal fluid, that the presence of TNF-a is 
indicative of bacterial meningitis. Absence of TNF-a cerebrospinal fluid, however, was found 


here not to exclude a bacterial aetiology of the infection. 


Tumour necrosis factor-a (TNF-a) was defined 
originally as a substance that is found in serum of 
animals sensitised to the Mycobacterium bovis strain 
BCG or Corynebacterium parvum, challenged later 
with endotoxin, and that causes the necrosis of some 
tumours when passively transferred to tumour 
bearing animals.! TNF-a is a macrophage derived 
cytokine that not only has antitumour activity but 
also functions as a central mediator of the inflamma- 
tory response. It has been shown to be a critical 
factor involved in the onset of septic shock.” In 
addition, TNF-a is identical to cachectin, which 
suppresses the activity of lipoprotein lipase and thus 
causes hypertriglyceridaemia and cachexia; both are 
associated with chronic infections.! 

New information about the role of TNF-a in 
infections of the central nervous system has emerged 
recently from animal studies. TNF-a was detected in 
the cerebrospinal fluid but not in serum of mice 
infected with Listeria monocytogenes.’ However, 
acute lymphocytic choriomeningitis virus induced 
meningitis was not paralleled by production of TNF- 
a in the central nervous system. In these studies 
TNF-a was also identified in three of seven patients 
with bacterial meningitis but in none of seven 
patients with aseptic meningitis.’ To substantiate 
these preliminary findings we prospectively deter- 
mined TNF-a in the cerebrospinal fluid of children 


with infectious meningitis. Additionally, available 
sera from children with bacterial meningitis drawn 
in parallel with cerebrospinal fluid were retro- 
spectively analysed for TNF-a. The findings were 
correlated with clinical, microbiological, and routine 
laboratory data. 


Patients and methods 


PATIENTS 

In the University Children’s Hospital of Zurich 205 
children with suspected meningitis were seen from 1 
October 1987 to 30 September 1988 from a total of 
5000 inpatients and 19 400 outpatients. Clinical and 
laboratory data confirmed the diagnosis of menin- 
gitis in 56 patients. History and clinical data were 
gathered by chart review, and special attention was 
paid to duration of symptoms and antibiotic treat- 
ment in the days before admission. Seven of the 56 
patients with meningitis were not investigated for 
TNF-a as they were admitted to intensive care; two 
of these patients died. Therefore 49 patients were 
included in the study. 


METHODS 

Cerebrospinal fluid was obtained by atraumatic 
lumbar puncture for direct inoculation of bacterial 
culture media (chocolate agar and thioglycolate with 
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saccharose). Additional cerebrospinal fluid was 
collected in three sterile tubes. One tube with 
approximately 1 ml of cerebrospinal fluid was 
centrifuged immediately at 3000 rpm for 15 minutes. 
Half the volume of the supernatant was coded and 
frozen at —20°C until used for determination of 
TNF-a, the other half volume was used for detection 
of bacterial antigen using a commercially available 
latex slide agglutination test (Becton Dickinson). 
The pellet served for preparation of Gram stained 
slides. Within one hour after the samples were 
obtained, the second and the third tube were 
processed in the clinical laboratory for deter- 
mination of the number of leucocytes and leucocyte 
differential count, and for glucose and protein 
concentrations. These determinations were done by 
standard methods. 

Blood was drawn for bacterial cultures (at least in 
all patients with turbid cerebrospinal fluid), differ- 
ential cell count, platelets, and determination of 
serum C reactive protein and blood glucose concen- 
trations. The specimens were processed within one 
hour after sampling by standard methods. When- 
ever available stored sera from children with both 
proved bacterial meningitis and TNF-a positive 
cerebrospinal fluid were retrospectively used for 
TNF-a determination. 


ASSAYS FOR TNF-a 

TNF-a was measured by two different methods. 
First, the classical bioassay with TNF-a sensitive L- 
M cells was used.? The results are given in units of 
TNF-a per ml (U/ml), one unit was defined as the 
amount resulting in lysis of 50% of the L-M cells. 
When testing human recombinant TNF-a the 
detection limit was found to be about 0-3 U/ml. For 
characterisation of the cytotoxic activity in cerebro- 
spinal fluid, the samples were incubated with an 
excess of antirecombinant human TNF-a antiserum 
or with control rabbit serum. After incubation for 
three hours at 37°C residual cytotoxic activity was 
determined by adding the test samples to the L-M 
cells. In the second assay, TNF-a was quantitated by 
enzyme linked immunoadsorbent assay (ELISA) as 
described previously.“ Briefly, an affinity purified 
rabbit antibody was used as capture antibody and a 
mouse monoclonal antibody labelled with horse- 
radish peroxidase was used as the second antibody 
in a sandwich ELISA. The results are expressed in 
pg/ml and the detection limit was 32 pg/ml. 


Results 


PATIENTS 
Forty nine children (30 boys and 19 girls) were 
enrolled in the study. Bacterial meningitis was found 


in 10 boys with a mean age of 3-5 years (range 
1-3-8-8) and in eight girls with a mean age of 4-9 
years (range 0-2-16-7). The diagnosis of bacterial 
meningitis was based on bacterial culture. or bac- 
terial antigen detection in cerebrospinal fluid. The 
agents grown from cerebrospinal fluid were Haemo- 
philus influenzae type b (10/18), Neisseria menin- 
gitidis type C (3/18), N meningitidis type B (3/18), 
and N subflava (1/18). Furthermore, in one child 
who had been pretreated with antibiotics and who 
had sterile cerebrospinal fluid cultures N menin- 
gitidis type C/W135 antigen was detected in the 
cerebrospinal fluid. Viral meningitis was diagnosed 
in 20 boys with a mean age of 7-7 years (range 
0-8-13-9) and in girls with a mean age 7-5 years 
(range 0-1-12-4). The diagnosis of viral meningitis 
was based on absence of bacterial growth in culture, 
absence of bacterial antigen in cerebrospinal fluid, 
and no evidence for bacteria in a Gram stain of the 
cerebrospinal fluid. 


TNF-a IN CEREBROSPINAL FLUID 
TNF-a in cerebrospinal fluid was detected in 15 
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(83%) of the 18 children with bacterial meningitis; 
in 12 (66%) of these cerebrospinal fluid samples 
TNF-a was identified by both bioassay and 
ELISA, and in three further samples of cerebro- 
spinal fluid only by ELISA. The concentrations 
of TNF-a in cerebrospinal fluid ranged from 30 
to 2160 U/ml (mean 586) when measured by bioassay 
and from 57 to 20 235 pg/ml (mean 3991) when 
determined by ELISA. No TNF-a could be detected 
in the cerebrospinal fluid of the 31 children with 
viral meningitis as assessed by the ELISA tech- 
nique (fig 1). There was no correlation between 
the concentration of TNF-a in the cerebrospinal 
fluid and the causative bacterium. 


COMPARISON OF PATIENTS WITH AND 
WITHOUT TNF-a. IN CEREBROSPINAL FLUID 

History and clinical and laboratory data of the 49 
patients studied are summarised in table 1. With 
respect to the recorded data patients with bacterial 
meningitis and TNF-a positive cerebrospinal fluid 
did not differ from those with TNF-a negative 
cerebrospinal fluid except for the mean leucocyte 
count (3-7 compared with 6-1x10°/). Compared 
with patients with TNF-a positive cerebrospinal 
fluid, the three children with bacterial meningitis 
and absence cf TNF-a in their cerebrospinal fluid 
showed a longer duration of illness and fever with 
mean values o? 48 compared with 23-3 hours and 48 
compared with 22-2 hours, respectively. This, 
however, was due to the only child who had been 
pretreated with antibiotics whose illness lasted 96 
hours. In both other children illness and fever had 
started 24 hours before admission and H influenzae 


type b was found to be the causative agent. One of 
these two latter children with TNF-a negative 
cerebrospinal fluid had the highest leucocyte count 
of the whole cohort studied. None of the 18 children 
with bacterial meningitis presented with or de- 
veloped symptoms of septic shock. All showed a 
clinically satisfying response to parenteral treatment 
with ceftriaxone (60-100 mg/kg/body weight/day for 
seven days). There was no adverse outcome or 
death. 

Children with viral meningitis had a longer mean 
duration of illness and fever, a lower mean concen- 
tration of serum C reactive protein, lower mean 
leucocyte count in blood and cerebrospinal fluid, 
and lower mean protein concentration in cerebro- 
spinal fluid than patients with bacterial meningitis. 


COMPARISON OF TNF-a CONCENTRATIONS IN 
CEREBROSPINAL FLUID AND SERUM 

Eleven stored serum samples drawn in rla to 
cerebrospinal fluid from children with detectable 
TNF-a in their cerebrospinal fluid were available for 
TNF-a determination. All these sera but one were 
negative for TNF-a (table 2). The amount of TNF-a 
in this positive serum was below 10% of the 
concentration in the corresponding cerebrospinal 
fluid. This child with detectable TNF-a in his serum 
had a six hour history of illness and H influenzae 
type b grew from cerebrospinal fluid and blood 
culture. Compared with him the other 10 children 
with detectable TNF-a in their cerebrospinal fluid, 
but no TNF-a in the serum, had a history of 12 to 48 
hours (mean 26-8). In six of these 10 children blood 
cultures were positive (H influenzae type b: 2/6, N 


Table 1 Details of children with meningitis (n=49). Results are mean (range) 


Bacterial meningitis 


TNF-a positive 


Viral meningitis 








TNF-a negative TNF-a negative 








(n=15) (n=3) (n=31) 
Clinical features on admission: 

Age (years) 4-4 (0-2-16-7) 3-1 (1-0-5-8) 7-6 (0-1-13-9) 

Duration of illress (hours) 23-3 3—48 48 (24-96) 45 (4-144) 

Duration of fever (hours) 22-2 (3-48) 48 (24-95) 42 (0-144) 

Temperature (°C) 39-3 (38-6-40-0) 39-3 (38-6-41-0) 38-7 (37-8-40-8) 

Blood: i 

Serum C reactive protein (mg/l) 154 (29-369) 159 (35-98) 18 (<1-79) 

Leucocyte (x10°/1) 15-4  (2-4-33-1) 18-4 (9-3-24-9) . 1145 (4-3-22-1) 

Neutrophils, band forms (%) 56 (34-5-74) 50-6 (34-5-70-5) 36:8 (9-5-61) 

Neutrophils, segmented forms (%) 20 (4-5-38-5) 24:6 (11-5-33-5) 34-8 (19-5-68) 

Cerebrospinal fluid: 

Leucocytes (10%/1) 3-7 (0-02-10-2) 61 (1-2-+15-2) 0-2 (0-02-1-00) 
Polymorphoriclear (10°/1) 3-4 (0-02-8-9) 5-5 (1-1-14-0) 0-1 (0-003-0-62) 
Mononuclear (x10°/1) f 0-3 (0-005-1-4) 0-6 = (0-1-1-2) 0-1 (0-001-0-43) 

Protein (g/l) 2:3. (0-3-4-35) 1-7 (0-43-3-7) 0-49 = (0-05-0-76) 


TNF-a determined by ELISA. 
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meningitidis type B: 2/6, and N meningitidis type C: 

2/6), whereas in the other four children H influenzae . 
type b, N meningitidis type B or C, or N subflava 

were grown from cerebrospinal fluid only. 


Table 2 Concentrations of TNF-a (pgiml) in 
cerebrospinal fluid and serum of 11 children with 
bacterial meningitis 








Patient Cerebrospinal Serum 
No fluid 
1 20 235 <32 
2 15 100 <32 
3 2 070 <32 
4 1690 <32 
5 1465 127 
6 915 <32 
7 534 <32 
8 253 <32 
9 85 <32 
10 65 <32 
11 57 <32 
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ASSOCIATION BETWEEN TNF-a CONCENTRATIONS 

IN CEREBROSPINAL FLUID AND OTHER FEATURES 

No clear cut correlation was found between the 
concentration of TNF-a in cerebrospinal fluid and 
age, duration of illness and fever, body tempera- 
ture, leucocyte count in blood and cerebrospinal 
fluid, concentration of reactive protein in serum and 
protein in cerebrospinal fluid, respectively (table 1, 
fig 2). Compared with cerebrospinal fluid with low 
TNF-a concentrations, however, cerebrospinal fluid 
with protein 2 g/l and leucocytes =2-5x10°/1 were 
more often associated with high TNF-a concentra- 
tions of =500 pg/ml. This value represents 2:5% of 
the maximum TNF-a concentration detected in this 
study: high leucocyte and protein content was 
detected in three of nine patients with low TNF-a, 
and in six of nine patients with a high TNF-a 
concentration. 


Discussion 
In a recent study of mice with experimental mening- 
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Fig2 Association of TNF-a in cerebrospinal fluid with serum C reactive protein, leucocyte count, and protein 


concentration in 18 children with bacterial meningitis. 
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itis TNF-a was detected in cerebrospinal fluid early 
after initiation of bacterial but not at any time 
during virally induced disease. In the present study 
of 49 patients with infectious meningitis TNF-a was 
also found only in cerebrospinal fluid of patients 
with bacterial (15/18) but ‘not in subjects with viral 
(0/31) meningitis. As all but one sera of patients 
with TNF-a positive cerebrospinal fluid lacked 
detectable amounts of TNF-a it can be assumed that 
TNF-a is produced intrathecally. This hypothesis is 
further substantiated by recent in situ hybridisation 
studies showing TNF-a transcript positive cells 
within the inflammatory cell infiltrates in the 
meninges of mice with L monocytogenes induced 
meningitis (manuscript in preparation). 

The lack of detectable TNF-a in the cerebrospinal 
fluid of three of 18 patients with bacterial meningitis 
might have been due to the sensitivity of the assays 
in use. However, in one of the three patients 
antibiotic pretreatment could have resulted in a 
reduction of micro-organisms triggering production 
and secretion of the cytokine. In the second child, 
who had the most pronounced pleocytosis, TNF-a 
might have been bound to or degraded by the 
extremely augmented cells and thus have escaped 
detection. For the negative results in the third 
patient we could not find a plausible reason. As a 
hypothesis, however, individual differences in the 
sensitivity of macrophages to respond to bacterial 
infections with production of TNF-a could contri- 
bute to the absence of TNF-a in the cerebrospinal 
fluid of the three patients with bacterial meningitis. 
Indeed, at least one strain of mice (C3H/HeJ) has 
been reported to lack TNF-a/cachectin mRNA in 
macrophages exposed to low amounts of endotoxin. 
In addition, a post-transcriptional defect prevented 
the production of the protein.’ 

In a recent study on Gram negative septicaemia 
with purpura fulminans the serum of 30 of 35 
patients was positive for TNF-a, the concentrations 
being significantly higher in the patients who died 
than in the survivors.° Furthermore, of 79 patients 
with meningococcal disease TNF-a was detected in 
10 of 11 patients who died but from only eight of 68 
survivors of the disease.’ Despite septicaemia with 
Gram negative micro-organisms in six patients, 10 of 
11 serum samples tested for TNF-a in our study 
were negative for the cytokine investigated. None of 
these 10 patients suffered from septic shock, how- 
ever, and all showed a clinically satisfying response 
to antibiotic treatment. Thus our findings would be 
compatible with the suggestion that the presence of 
high concentrations of TNF-a in serum could be 
indicative of severe disease. In fact in animal studies 
intravenous injection of TNF-a/cachectin into rats 
causes haemorrhagic necrosis, which is indistin- 


guishable from the pathologic effects seen after 
endotoxin administration.® 

Production of TNF-a within the central nervous 
system could be important in initiating damage of 
the blood brain barrier and the tissue injury 
observed in bacterial meningitis.? Thus TNF-a may 
exert direct cytotoxic effects and/or operate by 
acting on polymorphonuclear cells which respond to 
TNF-a with increased adherence to endothelial 
cells, as well as increased an oxidative burst to 
unopsonised zymosan particles.!° !! In the present 
study no clear cut correlation was found between the 
concentration of TNF-a in cerebrospinal fluid and 
duration of illness or fever, bacterial agent, leuco- 
cyte count or protein content in cerebrospinal fluid, 
and leucocyte count in blood or amount of serum C 
reactive protein. Compared with cerebrospinal fluid 
with low concentration of TNF-a, however, a trend 
for higher protein concentration (22 g/l) as well as 
leucocyte counts (22-5) in cerebrospinal fluid with 
TNF-a concentrations 2500 pg/ml was observed. 
These findings, which would be in agreement with 
the effects of TNF-a described on endothelial cells 
and granulocytes, have to be further investigated in 
future studies comprising larger groups of patients. 

The examination of cerebrospinal fluid for TNF-a 
may be helpful in differentiating between bacterial 
and viral meningitis in patients with acute disease. 
Detectable TNF-a in cerebrospinal fluid was indica- 
tive for bacterial meningitis and could be used as 
diagnostic variable before results of culture are 
available, especially in cases where leucocyte count, 
Gram stain, or antigen detection in cerebrospinal 
fluid are not conclusive. The absence of TNF-a in 
cerebrospinal fluid, however, did not exclude a 
bacterial aetiology of meningitis. 


This study was supported in part by the Swiss National Science 
Foundation grant No 3.930-0.87. 
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Onset and severity of hearing loss due to congenital 
rubella infection | 
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SUMMARY O7 111 children born in 1978-82 with congenital rubella infection, confirmed by the 
detection of rubella specific IgM shortly after birth, 68 were reported to be hearing impaired 
when notified to the National Congenital Rubella Surveillance Programme (NCRSP). The 
average age at which the diagnosis of hearing impairment was confirmed was 11-6 months. 
Recent audiograms showed a hearing loss that was usually uniform across all frequencies, equal 
in both ears and severe, averaging 93 dB across the range 250-4000 Hz. Despite the early 
diagnosis of congenital rubella and the known risk of deafness, only eight of 57 infants had been 
tested for auditory evoked responses in the first 6 months of life; all eight had severe hearing loss. 
Evidence of progressive hearing loss was found in only one of the 57 children. Definitive hearing 
tests (as distinct from screening tests) were frequently delayed until after the first birthday. 
Newborn babies identified as being at high risk of congenital deafness should have a full 


. audiological assessment in early infancy. 


Rubella infection acquired during early pregnancy 
may cause congenital defects, of which sensorineural 
deafness is by far the most common and often occurs 
in isolation.! Although the hearing loss is usually 
identified in early childhood, there have been 
reports of chidren with a progressive auditory 
impairment beginning several years after birth.? The 
diagnosis of congenital rubella in some studies was 
based on clinical grounds-alone,? however, and in 
others on the presence of IgG antibodies to rubella 
that could hav2 been acquired postnatally.’ It is 
therefore possible that in some cases deafness was 
not caused by intrauterine rubella infection but was 
dus to some other cause, for example, autosomal 
recessive inheritance.” 

Laboratory tests for rubella specific IgM allow a 
more accurate diagnosis of congenital rubella infec- 
tion to be made in newborn babies who have been 
exposed to the virus in utero.° If the infection occurs 
before the 18th week of pregnancy there is a high 
risk of sensorineural hearing loss,! even if the child 
appears unaffected at birth. A conductive loss may 
be superimposed in later childhood.! 

Early detection and treatment of severe hearing 
impairment has been shown to result in a much 
better long term functional outcome.’ Knowledge of 
the onset, severity, and progression of hearing loss 


in children with confirmed congenital rubella infec- 
tion would indicate the appropriate timing of 
hearing tests and duration of follow up. A retrospec- 
tive review of the progress of deafness in a large 
cohort of children with congenital rubella that had 
been proved in the laboratory was therefore under- 
taken. In addition to providing information about 
the natural history of this disorder, the effectiveness 
of the services involved in the detection of hearing 
loss in early childhood has been assessed. 


Methods 


The records of the National Congenital Rubella 
Surveillance Programme (NCRSP) were examined 
and 117 children born in the five years 1978 to 1982 
in whom congenital rubella was diagnosed by the 
detection of rubella specific IgM in early infancy 
were identified. The physician who notified each 
child was contacted and asked to provide further 
information. For children known to have a hearing 
loss, this included the age at which it was first 
suspected, by whom, and the age at which it was 
confirmed. For those children believed to have 
normal hearing or for whom this information was 
not available at the time of notification we attempted 
to determine the normality or otherwise of hearing. 
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The timing and results of past hearing tests were 
obtained for children with a hearing loss, and 
wherever possible a recent pure tone audiogram was 
obtained for all children in the study. 


Results 


Of the 117 children identified, five had died and one 
had emigrated; these children were excluded from 
further analysis. Of the remaining 111 children, 68 
(61%) were recorded as having a hearing loss, 37 
were initially reported to have normal hearing, and 
six had not had accurate testing because of develop- 
mental delay (table). 

Replies to the request for details of the age at 
which a hearing loss was first suspected, and then 
confirmed, were obtained for 57 of the 68 children 
reported to have a hearing loss. The mean age at 
which the hearing loss was suspected and confirmed 
were 7-9 months and 11-6 months respectively. 
Parents were usually the first to suspect a hearing 
deficit (22 cases), but paediatricians (14 cases), 
health visitors (seven cases), audiology and ear, 
nose, and throat clinics (four cases), and clinical 
medical officers (three cases) also identified pre- 
viously unsuspected cases. 

In the first six months of life only eight of these 
children were tested for auditory evoked responses 
and in each case these were abnormal. Unfortu- 
nately it was not possible to determine retrospectively 
whether these children were tested because of their 
high risk of deafness or because of clinical suspicion 
of a hearing loss. In the second six months, 24 
children had their hearing loss diagnosed by distrac- 
tion tests. Six children had been reported as having 
normal hearing when tested by this method, how- 
ever, and it is likely that a number of those whose 


Table Audiological follow up of confirmed cases of 
congenital rubella (n=117)* 





Initially reported deaf (n=68) 
Audiogram not obtained 


Severe mental retardation 5 
Hearing loss—best point for the better ear (dB): 
<40 2 
40-60 13 
61-80 13 
81-100 17 
>100 9 
Initially reported normal, or not tested (n=43) 
Audiogram not obtained 11 
Normal hearing 19 
Unilateral loss 3 
Bilateral loss 10 





*Five children died and one emigrated. 


hearing loss was detected after the first year also 
‘passed’ a distraction screening test in infancy. 

A significant hearing loss had been confirmed by 
the end of the first year in 37 cases, and by the age of 
18 months in a further 13 children. None of these 
children showed any. evidence of deterioration in 
hearing after the diagnosis had been established. Of 
the remaining seven children, six were identified as 
hearing impaired between 22 and 42 months (the 
age was unknown in one case). One of these 
children had a clearly documented deterioration 
over a five year period after initially appearing to 
have normal hearing. The reasons for delay in 
diagnosis in the other five were: failure to do 
appropriate tests (n=3, in two cases because the 
child had passed a distraction test), failure to attend 
follow up appointments (n=1), and difficulty in 
evaluating a moderate mixed hearing loss (n=1). 
There was no evidence of a progressive hearing loss 
in any of these children. 

A recent pure tone audiogram was obtained for 50 
of the 68 children with a known hearing loss at a 
mean age of 6-9 years (range 3-5 to 8-5). The best 
point for the better ear on these audiograms was 
between 40-60 dB for 13 children, 61-80 dB for 13 
children, and 81-100 dB for 17 children. A further 
five children had no hearing below 101 dB and only 
two had hearing at better than 40 dB loss. The mean 
best point for the better ear was 76-0 dB for the 
whole group. 

There did not appear to be a characteristic pattern 
of hearing loss such as high tone deafness, but the 
loss was remarkably symmetrical in many cases, the 
maximum difference between the two ears averag- 
ing only 22 dB. The hearing deficit was usually 
severe with an average loss over the range 
250—4000 Hz of 95 dB in the left ear and 92 dB in the 
right ear (figure). Pure tone audiograms were not 
obtained for 18 children of whom four had severe 
mental handicap and hearing loss, four had un- 
measurable hearing levels, and 10 were not available 
for testing. 

Of the 43 children initially reported to the NCRSP 
as having normal hearing or in whom testing had not 
been carried out, 15 subsequently had. normal pure 
tone audiograms and a further four were reported to 
have normal hearing. Maternal rubella infection 
occurred at 20 weeks’ gestation or later in four of the 
15 cases with normal audiograms. Three children 
had a unilateral hearing loss which was mild in one 
case and moderate in the other two (one uniform 
loss, one high tone). Bilateral hearing loss was 
found in 10 children in this group and was severe in 
all but one. Of the children with a severe loss one 
had had abnormal responses to distraction testing at 
11 months and a severe hearing loss had been 


1282 Wild, Sheppard, Smithells, Holzel, and Jones 


0 Right ear 4 
10 10 
20 20 
— 30 30 
[=] 
? 
» 40 40: 
2 
8 50 50 
£ 
o 60 60 
i=} 
Ej 
© 70 70 
£ 
2 a0 80 
90 90 
100 100 
110 110 
120 120 
250 500 1000 2000 4000 


Left ear 


250 500 1000 2000 4000 


Frequency (Hz) 


Figure Mean (SD) hearing threshold in 50 children initially reported as hearing impaired. 


confirmed at 18 months. The deficit was identified 
by 2-5 and 3 years respectively in two others, but 
information relating to the onset was not available 
for the remaining six children with a severe loss. 
There was no evidence to suggest a later onset or 
progression in any of the deaf children who had 
initially been reported to have normal hearing. No 
information was available for 11 of the 43 children in 
this group. 


Discussion 


The data we have obtained confirm that the hearing 
loss that results from congenital rubella infection is 
severe and affects most children born to mothers 
who contract this infection before 18 weeks’ gesta- 
tion. However, the nature of the hearing loss we 
found is at variance with previously reported charac- 
teristics in two important respects. The first differ- 
ence we found was that the hearing loss was 
surprisingly uniform across all frequencies and not a 
high tone deafness as is often stated. Secondly, we 
found little evidence to support the suggestion that 
the hearing loss due to congenital rubella infection is 
progressive. Only one patient out of a total of 61 
with a bilateral loss of over 40 dB had a clearly 
documented deterioration. By contrast, all of the 
eight children who had auditory evoked responses in 


the first six months of life were found to have severe 
losses. As most of the children were not tested in 
early life, however, we cannot be certain that the 
hearing loss caused by congenital rubella infection is 
not progressive in some infants at least in the first 
year of life. 

Almost a third of the children in this study were 
not diagnosed as hearing impaired until the second 
or third year of life. This appeared to be the result of 
a combination of factors that led to either a failure 
to investigate, or inadequate investigation of, these 
extremely high risk patients. The factors included: 
(i) a lack of awareness of, or access to, equipment to 
measure brain stem evoked responses, (ii) failure of 
physicians to appreciate the need to assess the 
hearing of these children in early infancy, and (iii) 
reluctance of some parents to accept both the 
possibility of a hearing disorder and the need for 
testing. 

In summary, the hearing loss caused by congenital 
rubella is usually severe and affects all frequencies 
uniformly. Parents of newborns at risk require 
careful counselling, and early audiological assess- 
ment should be arranged in a specialist centre in 
order to allow early amplification to be provided 
where appropriate. 


We thank the physicians who kindly provided the information and 
Mrs Eileen Wood for preparing the manuscript. 
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Lung function in children of low birth weight 
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SUMMARY Lung function was recorded in a cohort of 130 age specific children of low birth 
weight (under 2000 g) and a reference population of 120 unselected local schoolchildren at 7 years 
of age. Children of the cohort were similar in height and forced vital capacity to the reference 
group, but had significantly reduced forced expiratory volume in 0-75 second and expiratory flow 
indices. Although neonatal respiratory illness was associated with reduced airway function, we 
were unable to confirm that this was a consequence of oxygen treatment or mechanical 
ventilation. Low birth weight, however, was closely associated with poor airway function 
independent of neonatal respiratory illness. Other factors of importance included the male 
gender and maternal smoking. The reduction in airway function observed in the low birthweight 
children was associated with cough but not wheeze. The disparity between the relatively well 
preserved vital capacity and reduced airway function suggests that very low birth weight, and 
hence prematurity, has its greatest effect on the subsequent growth of airway function. The 
absence of an association between neonatal oxygen score or mechanical ventilation and 
childhood lung function suggests that the long term effect of neonatal respiratory treatment is 


small compared with that of birth weight, maternal smoking, and male sex. 


Preterm infants with neonatal respiratory disorders 
scmetimes sustain severe lung injury during mech- 
anical ventilation.! The resulting clinical syndrome 
is called bronchopulmonary dysplasia. While it is 
well established that children who survive broncho- 
pulmonary dysplasia have poor airway function at 
school age,™ the long term lung function of most 
preterm infants who do not develop broncho- 
pulmonary dysplasia has not been settled. Most 
early studies reported that these children recovered 
completely and had normal lung function at school 
age,” ° although some noted subtle abnormalities 
when more sensitive tests of airway function were 
used.!°11 Recent studies have shown increasing 
evidence of reduced airway function in these 
children.!21© This disparity may in part be ex- 
plained by the progressive increase in the survival of 
very small babies in recent years and in part by the 
heterogeneity of the study and control subjects in 
these studies. 

Some authors have reported poorer lung function 
in small groups of children who were born pre- 
maturely and who received neonatal respiratory 
treatment.’ Defects in study design mean that it 
is unclear whether their findings were attributable to 
treatment in the neonatal period or merely to 


prematurity, as control groups of children of 
preterm birth who did not require neonatal intensive 
care were not examined. Some studies had no 
control groups at all,’ ? 121416 whereas others 
recruited only ‘normal’ controls rather than a truly 
representative reference population. In these 
studies, it is possible that a small difference in 
airway function between patients and the ‘normal’ 
controls was simply a result of selection bias. 
Most studies are retrospective. There has been 
only one large cohort study.” The 153 subjects were 
recruited over a decade (1961-70) during which 
techniques of neonatal intensive care changed so 
much that the subjects were in effect derived from 
varied neonatal backgrounds. 
In order to determine the long term effects of 
neonatal respiratory treatment on lung function, it is 
essential to study a large age specific and birth- 
weight specific cohort of preterm children, recruited 
over a confined time period. The study group should 
be compared with a reference population of healthy 
(as opposed to normal) children of equivalent age. 
We recently carried out a prospective study of a 
cohort of low birthweight children at 7 years in order 
to relate their lung function to birth weight, peri- 
natal factors, and the level of neonatal intensive care 
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which they received. We also wished to examine the 
clinical significance of our findings by relating lung 
function to current symptoms. 


Subjects and methods 


SUBJECTS 

The cohort of low birthweight children and the 
reference population have previously been 
described.’” Of the 189 survivors of the low birth- 
weight cohort 134 children (71%) were available 
and attended our lung function clinics at 7 years (SD 
0-2 years). Because of incoordination (n=2), colds 
(n=1), and tracheostomy (n=1), only 130 com- 
pleted the tests. All weighed under 2000 g at birth, 
were born between June 1979 and May 1980, and 
were recruited at birth or on admission to our 
neonatal units. Perinatal events were recorded at 
the time the children were discharged home. A 
reference population of 123 unselected local school- 
children of equivalent age (7-0 (0-4) years), none of 
whom weighed under 2000 g at birth, were recruited 
from three schools. Their selection was based on 
their date of birth irrespective of their previous 
health or family background. 

All the children had lung function tests using an 
identical protocol and equipment. The standing 
height of each child was measured without shoes 
using either a portable or a wall mounted stadio- 
meter (Holtain). A respiratory history was recorded 
on self administered questionnaires by parents.’ 

The studies were all approved by local ethics 
committees. Informed consent was obtained from 
the parents of both the low birthweight cohort and 
the local schoolchildren. 


EQUIPMENT AND PROTOCOL 

Forced vital capacity (FVC) manoeuvres were 
recorded using a heated pneumotachograph (Fleish 
No 4) and a microcomputer (Sinclair ZX 48kB). The 
pressure drop across the pneumotachograph was 
measured with a differential pressure transducer 
(Validyne DP45) connected to a carrier demodu- 
lator (Validyne). The flow signals were sampled on 
line with eight bit resolution at at least 70 Hz by the 
analog to digital converter and were digitally 
integrated to produce volume data. The device was 
linear up to a flow of 9 second, encompassing the 
range of flows encountered during an FVC mano- 
euvre. Two types of calibration were made. Firstly, 
the system together with a pocket spirometer 
(Micro-Medic Ltd), whose measurements were 
corrected to body temperature, pressure, and 
saturation, were calibrated with a five litre cali- 
brating syringe at monthly intervals. Because of its 
low resistance to airflow, the effect of adding the 


electronic pocket spirometer on the dynamic 
response of the pneumotachograph was negligible. 
The two were never found to differ by more than 
3%. Secondly, the stability of the system throughout 
the recording session was checked by recording each 
blow simultaneously with the pocket spirometer in 
series with the pneumotachograph. The computer 
was recalibrated if the readings of the computer 
and the pocket spirometer differed by more than 
2%. At the start of an FVC manoeuvre, data 
storage commenced when the airflow had exceeded 
140 ml/second. Recording ceased as soon as the 
instantaneous flow fell to zero. The flow-volume 
curves were displayed graphically on the visual 
display unit (VDU). Raw data was stored on 
Microdrive discs (Sinclair) for further analysis. 

Before recordings commenced, each child was 
coached on the technique of the FVC manoeuvre. 
The subject was seated. A minimum of five FVC 
manoeuvres were made. Recordings were repeated . 
until at least three technically satisfactory curves 
were obtained with the FVC within 10% of the 
largest value (within 5% in most cases). Where 
more than three curves were available, the three 
with the largest FVC were saved for subsequent 
analysis. Before calculation of lung function indices 
the stored flow-volume curves were visually 
examined for inconsistency by superimposition on 
the VDU screen. Curves that were affected by 
technical errors such as noise, hesitancy, and cough 
were eliminated. The following indices were cal- 
culated: FVC, forced expired volume in 0-75 
seconds (FEV). 75), mean transit time, and 
maximum expiratory flow at 75, 50, and 25% of 
FVC remaining in the lungs (MEF;;, MEFs, and 
MEFs). FEVo75 was used here because many 
children in the reference group had a forced 
expiratory time of less than one second. The indices 
that were obtained from the ‘best’ curve were used 
in the analysis. The ‘best’ curve was defined as the 
one with the shortest mean transit time, in accor- 
dance to recommendations of Chinn and Cotes,’ 
provided that the FVC was within 2% of that of the 
largest recorded. In 86% of cases the ‘best’ curves 
were also the ones with the largest sum of FVC and 
FEV .75- 


DATA ANALYSIS 


Reference values for lung function: regression 
equations 

There was a wide range of height among children of 
both groups (low birth weight 98-8-132-7 cm, 
control 104-0-136-0 cm). There was also a signi- 
ficant proportion of children of non-white origin, 
predominantly Asian (Indian subcontinent) and 
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Afro-Caribbean (low birthweight 22%, reference 
44%). In order to facilitate comparison of lung 
function in the two groups of children, lung function 
indices were standardised for differences in height, 
sex and ethnic background, according to guidelines 
laid down by Cole and Quanjer.”1 Linear, 
logarithmic, and quadratic models were examined 
and compared using generalised linear interactive 
modelling (GLIM).” Only predictors and inter- 
action terms of significance (p<0-05) were retained 
in the final multiple regression models. Where more 
than one regression model was found to explain a 
similar proportion of variance, the simplest one was 
chosen. The normality and the homosecedasity of 
the residuals were checked by plotting the residuals 
against predicted values. 


The low birthweight subgroups 

An,oxygen score, whose definition has already been 
detailed,’* together with the duration of mechanical 
aa ee and the peak inspiratory pressure were 
used as parameters of the level of neonatal respir- 
atory treatment. Lung function was evaluated in 
thejfour clinical subgroups, as defined by the level 
of neonatal respiratory treatment. Unpaired 
Student’s t tests were used in examining differences 


between groups. The association between putative 
tisk factors and childhood lung function was 
evaluated using correlation, one way variance, and 
multiple regression analysis. 


Results 


REFERENCE VALUES FOR LUNG FUNCTION 

Satisfactory lung function recordings were obtained 
from 120 children of the reference group. Because 
of the narrow age range, age was not a significant, 
predictor of lung function after adjusting for 
differences in height. Height, sex, and ethnic . 
background were predictors for FVC, FEV .7s, 
and MEF;;. For MEFs) and MEFs, height and 
Afro-Caribbean (black) group were significant — 
predictors, whereas for peak expiratory flow rate, 
sex and height were the only significant predictors. 
As there was no significant difference in the regres- 


_sion coefficient for covariate height between male 


and female, and between white and non-white 
groups, the effects due to differences in sex and 
ethnic background were best summarised in a single 
equation for each lung function index as a function 
of height (table 1). Logarithmic models explained 
the same proportion of variance as linear models, 


Table 1 Standardisation equations for lung function indices derived from the reference population (n=120) 











Residual standard r 

deviation ` 
log, FVC = —11-08-0-09 ‘girl’ —0-16 ‘black’—0-08 ‘Asian’ + 2-40 log, height 0-13 0-56 
log, FEVo.7s= —9-41-0-07 ‘girl’ —0-14 ‘black’—0-09 ‘Asian’ + 2-03 log, height 0-12 0-53 
log, PEFR = -—5-97-0-09 ‘girl’ + 1-50 log, height 0-16 0-26 
log, MEF;;= —5:11-0-07 ‘girl’ —0-10 ‘Asian’ + 1-31 log, height 0-18 0-21 
log, MEFs = —5-02-0-11 ‘black’ + 1:21 log, height 0-22 0-09 
log, MEF,;= —6-66-0-17 ‘black’ + 1-43 log, height 0-29 0-10 
log, MIT = —5-50+0-95 log, height 0-19 0-06 





FVC=forced vital capacity; FEVo.7;=forced expired volume in 0-75 seconds; PEFR=peak expiratory flow rate; MEF7;, MEFs, and 
MEF,;=maximum expiratory flow at 75, 50, and 25% of FVC; MTT=mean transit time. Units are either ] or Vsecond except MTT which is 


in seconds. 


Table 2 Perinatal data of the low birthweight cohort 





No illness 
(n=68) 








Median (range) birth weight (g) 





Median (range) gestational age (weeks) 33 (28-39) 
No (%) light for dates 34 (50) 
No (%) with transient tachypnoea of newborn 5 (7) 
No (%) with idiopathic respiratory distress 

syndrome* 0 
No (%) with recurrent apnoea or bradycardia 8 (12) 


No (%) with mother who smoked during pregnancy 18 (27) 





1700 (830-1990) 





Oxygen only Mechanical Oxygen 
(n=25) ventilation dependence 
(n=27) (n=10) 
1430 (900-1980) 1340 (730-1980) 1101 (790-1370) 
32 (27-35) 30 (27-34) 28 (27-32) 
6 (24) 14 (52) 3 (30) 
5 (20) 10 (4) 0 
11 (44) 17 (63) 6 (60) 
10 (40) 15 (56) 10 (100) 
6 (24) 8 (31) 4 (40) 





*Based on radiological diagnosis in the neonatal period. 
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but were chosen because the normality and homo- 
secedasity of the residuals were significantly better 
than for the linear models. 

Our prediction equations for lung function indices 
compared closely with other published data 
obtained using similar equipment. 


PERINATAL DATA AND LUNG FUNCTION 

Important perinatal data for the low birthweight 
children are summarised in table 2. Although a large 
proportion of infants were light for dates, only eight 
were born at term. 

At 7 years the mean height for the low birthweight 
cohort and the reference group was on the 30th and 
50th centile respectively. Compared with the refer- 
ence group, the low birthweight children had an 
equivalent FVC but significantly lower standardised 
FEVo.75 and maximum expiratory flow indices 
(table 3). 

Low birthweight children who received neonatal 


respiratory treatment had poorer airway function’ 


than those who did not (p<0-01). There was, 
however, no difference between those who received 
oxygen treatment alone and those who received 
mechanical ventilation in addition (fig 1). Among 
those who received oxygen treatment (n=62) and 
mechanical ventilation in addition (n=37), there 
was no correlation between the oxygen score, 
duration or the peak inspiratory pressure of mech- 
anical ventilation, and subsequent airway function. 

Airway function at 7 years was strongly correlated 
with birth weight (p<0-0001) and to a lesser extent 
gestational age (p<0-05). As can be seen from fig 2, 
the association between birth weight and FEV».75 


Table 3 Mean height and lung function standardised 
to a height of 120 cm in the low birthweight and 
the reference group. Results are mean (SD) 








Low birth- Reference 

weight group group 

(n=130) (n=120) 
Height (cm) 119-1 (5-6) 120-4 (5-8) 
FVC (D 1:39 (0-24) 1-41 (0-21) 
FEVo.7s (1) 1-16 (0-19)+ 1-25 (0-17) 
PEFR (I/second)} 3-01 (0-61)+ 3-27 (0-52) 
MEF, (I/second) 2-69 (0-65)+ 3-01 (0-53) 
MEFs» (I/second) 1:85 (0-54)+ 2-15 (0-49) 
MEFs (I/second) 1-03 (0-36)t 1-20 (0-36) 
MTT (seconds) 0-44 (0-12)t 0-39 (0-07) 
FEV .75:F VC ratio* 0-84 (0-10)+ 0-89 (0-07) 


FVC=forced vital capacity. FEV9.75=forced expired volume in 
0-75 seconds; PEFR=peak expiratory flow rate; MEF,;, MEFs, 
and MEF,,;=maximum expiratory flow at 75, 50, and 25% of FVC; 
MTT=mean transit time. 

*Unstandardised. 

tSignificance of difference between groups by unpaired f test: 
p<0-001. 
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Fig 1 Mean lung function as a percentage of the 
reference value (and 95% confidence interval of group 
mean) for low birthweight children according to 
clinical subgroup. Sixty eight children received no 
neonatal respiratory treatment, 25 children received oxygen 
treatment only, 27 children received mechanical 
ventilation in addition but did not develop oxygen 
dependency beyond the neonatal period, and 10 children 
were still oxygen dependent at 30 days of age. 

The 95% confidence interval of the mean for the reference 
group is indicated by shaded area. 
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Fig 2 Association between predicted FEV ».75 

% of reference value) at 7 years and birth weight. 
Open circles: no neonatal respiratory treatment (n=68); 
closed circles: neonatal respiratory treatment (oxygen 
ard mechanical ventilation combined (n=52); 

derk squares: oxygen dependent at 30 days of life (n=10). 


was overwhelmingly more significant than that 
between respiratory illness and airway function. 
Being light for dates at birth was not associated with 
a poor outcome. Children who were transferred to 
our neonatal units after birth had’ poorer airway 
function than inborn babies. They were generally of 
lower birth weight and gestational age than the 
remainder of the cohort, and this explained the 
difference. 

Boys had a significantly greater reduction in 
airway function than girls. In our reference group 
boys had significantly bigger FVC and FEV .75 for 
height than girls. In the low birthweight cohort, 
although the FVC was still larger in boys, they had a 
marginally lower FEV .75 than girls. Moreover, 
there was an excess of boys who received neonatal 
respiratory treatment (boys 60-9%, girls 32-8%, 
x7=10-2, p<0-01) and mechanical ventilation (boys 
34%, girls 18%, y’=4-6, p<0-05). There was no 
difference in birth weight and gestational age 
between boys and girls. 


Maternal smoking was also associated with 
reduced MEF;;. The mean value in relation to the 
predicted value was 80-7% for those whose mothers 
smoked and 91-4% for those whose mothers did not 
smoke (p<0-01). The MEF; and MEF); were also 
significantly lower (p<0-05), but not the FEVo.75. ` 
Children of mothers who smoked were also 
marginally lower in mean (SD) birth weight than the 
remainder of the cohort (1391 (345) g compared 
with 1507 (344) g, p=0-08). 

As perinatal variables showed varying degrees of 
correlation between one another, multiple regres- 
sion analysis was used to examine the association 
between various independent variables and airway 
function. It confirmed that the association between 
FEV .75 and the two variables, birth weight and the 
male gender, was not the result of their association 
with neonatal respiratory illness and treatment. For 
MEF;;, maternal smoking was an additional risk 
factor of significance. 


ASSOCIATION BETWEEN AIRWAY FUNCTION AND 
SYMPTOMS 

Because some of the questionnaires were not 
completely filled, full data were available in 121 
(91%) low birthweight children and 100 (83%) 
children in the reference group for this analysis. 
Using the same definition for symptoms as in the 
previous paper,'® we found no association between 
airway function and wheeze. On the other hand, 
cough was associated with a reduction in airway 
function (table 4). A weak association between 
airway function and cough was also present in the 
reference group. 


Discussion 


SOURCES OF BIAS 
Previous retrospective studies have the distinct 
disadvantage that recruitment of study subjects 


Table 4 Lung function indices expressed as percent of reference value in children with and without current symptoms 


at 7 years. Results are mean (SD) 


Low birthweight group 





Reference group 




















Wheeze Cough Wheeze Cough 

Yes (n=19) No (n=102) Yes (n=41) No (n=80) Yes (n=16) No (n=84) Yes (n=17) No (n=83) 
FVC 93-5 (16-4) 97-4 (14-9) 94-8 (16-7) 97-8 (14-3) 102-8 (16:9) 100-0 (11:7) 98-7 (15-6) 101-4 (11-9) 
FEVo75 87-2 (14-2) 92-7 (15-0) 86-1 (15-2)** 94-8 (14-0) 98-4 (15-2) 101-5 (10-2) 96-3 (14-7) 101-9 (10-1) 
MEFs 78-6 (20-5) 88-7 (26-1) 78-9 (24-0)* 91-3 (25-4) 92-5 (21-3) 105-1 (23-5) 92-5 (20-3)* 105-3 (23-7) 





FVC=forced vital capacity; FEVo.7s=forced expired volume in 0-75 seconds; MEFs5=maximum expiratory flow at 50% of FVC. 
Because some of the questionnaires were not completely filled, full data were available in only 121 and 100 children in the low birthweight 


and the reference groups respectively. 


Significance of difference between symptomatic and asymptomatic subjects by unpaired ¢ test: *p<0-05; **p<0-01. 
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occurred after certain outcome indices, such as the 
presence or otherwise of idiopathic respiratory 
distress syndrome or bronchopulmonary dysplasia, 
were known. Their recruitment was therefore 
susceptible to bias. Symptomatic subjects or those 
who have more severe neonatal respiratory illness 
are often more readily available and willing to 
participate in studies than are symptom free 
children. This study is unique in that we prospectively 
examined the lung function of the survivors of an 
age specific and birthweight specific cohort of low 
birthweight children born within a 12 month period, 
irrespective of neonatal respiratory illness. 

Both of the neonatal units participating in this 
study were neonatal referral centres; 28% of the low 
birthweight subjects in our study were outborn, 
mainly in local hospitals. Consequently our overall 
findings might be slightly biased towards those with 
more severe neonatal respiratory illness. 

Our reference population was unselected and 
apart from age, matching was not sought. It 
comprised more children of ethnic minorities (low 
birth weight 22% compared with reference 44%) 
and those whose parents were either unskilled or 
unemployed (low birth weight 19% compared with 
reference 42%). Adjustment for differences in 
ethnic background on lung function was made using 
multiple regression analysis (table 1). There was no 
association between airway function and socio- 
economic status in either group of children. 

In addition to the 30 low birthweight children who 
were inaccessible for legitimate reasons (emigration, 
loss to follow up, etc), an additional 52 subjects in 
the cohort did not attend our Jung function sessions. 
Two thirds of them lived outside Greater London. 
There was no difference between those who 
attended and those who did not with respect to 
ethnic origin, birth weight, gestational age, and the 
level of neonatal respiratory treatment received, 
although 13 of the 23 who had emigrated since 
discharge were non-white. Their omission was 
unlikely to have influenced our results. 

Neonatal death could have been an important 
source of bias. Out of the 292 live births and 
admissions in the cohort, 76 died. If survival were 
associated with inherently better lung function, then 
differences in survival rates between different 
neonatal units, differences in the type of infant 
population served and the era in which study 
subjects were born will all add to the difficulties in 
comparing published studies of lung function in 
children of low birth weight. 


REFERENCE VALUES FOR LUNG FUNCTION 
We compiled our own reference values for three 
important reasons. Firstly, all standards of lung 


function published so far are based on measure- 
ments collected from children with a wide range of 
ages, with either very few or no young children of an 
age close to that of our low birthweight cohort. The 
prediction equations compiled by these studies 
might be unreliable for young children. Secondly, 
although ethnic differences on lung function are well 
known,” most prediction equations published so far 
apply to white children alone. As 22% of our low 
birthweight cohort was non-white, such prediction 
equations might not be appropriate. Indeed, we too 
observed significant differences in lung function for 
height related to ethnic background. The differences 
observed by us were almost identical to those 
recently reported in a large sample of non-white 
children in south London.”* Thirdly, by deriving 
prediction equations from our own reference 
populations recruited irrespective of their previous 
respiratory history or environmental and social 
background, unlike those of previous studies which 
compared their findings with ‘normal’ controls, we 
could be certain that our findings were not biased. 


LUNG FUNCTION IN CHILDREN OF LOW BIRTH WEIGHT 
The low birthweight children had poorer forced 
expiratory flow indices than the reference group 
with a well preserved vital capacity. In simple terms, 
this implies ‘obstructive’ disease suggestive of 
airway dysfunction, rather than a ‘restrictive’ 
disorder. Airway dysfunction could be a con- 
sequence of a multitude of factors such as abnormal 
intrauterine development, preterm birth, and 
neonatal respiratory illness or its treatment (fig 3). 
In addition, host factors of genetic origin could 
directly determine airway function (explaining, for 
instance, sex and ethnic differences) as well as 
influencing individual vulnerability to adverse 
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Fig 3 Model of the aetiology of chronic respiratory 
morbidity. The strength and nature of significant 
associations that were estimated from the results 

of the present study are indicated by the width of the lines. 
Dotted lines represent hypothetical associations. 
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environmental factors during infancy and childhood. 
Male sex was a risk factor of the latter type. The size 
of this study was not sufficiently large to enable us to 
determine the relative importance of all these 
factors with respect to outcome. It did allow us to 
test the hypothetical association between neonatal 
respiratory treatment and long term airway function 
as well as to examine some of the more important 
factors. 

In previous studies, which examine the long term 
consequences of neonatal respiratory illness and its 
treatment but without simultaneous examination of 
preterm children who did not require treatment, 4'6 
it has been assumed that the findings were due to 
airway ‘damage’ sustained in the neonatal period. 
Contrary to such an assumption, our study provided 
clear evidence for a strong association between 
airway function and birth weight irrespective of 
neonatal respiratory illness (fig 2). Two previous 
studies that included a healthy low birthweight 
control group, have also found poorer airway 
function with and without neonatal respiratory 
illness,!° | although these studies were too small to 
allow for correlation analysis. In contrast with two 
other studies,!°*° we were unable to find any 
association between oxygen score or duration of 
mechanical ventilation and subsequent airway 
function in those who received neonatal respiratory 
treatment. In one of these studies the subjects were 
probably highly selected, as evidenced by an extra- 
ordinarily low mean forced expired volume in one 
second for the group with respiratory distress 
syndrome (70% of predicted).” In our cohort, the 
mean FEV .75 for the mechanically ventilated group 
and the group with bronchopulmonary dysplasia was 
88-8% and 79-5% of predicted respectively. In the 
other study,'° the authors’ conclusions did not tally 
with their own earlier findings on the same sub- 
jects.”° Their earlier report suggested that, although 
these children had abnormal lung mechanics in early 
infancy after neonatal mechanical ventilation, most 
of them had returned to normal by 0-5 to 1-5 years. 
At the age of 9, these children had abnormal airway 
function that correlated with the duration of 
mechanical ventilation. It is difficult to reconcile 
these conflicting results. 

The fact that poorer airway function was observed 
in the very low birthweight children who did not 
require any form of neonatal respiratory treatment 
was not due to their smaller size at 7 years. Their 
body dimensions and FVC were not significantly 
different from the remainder of the cohort. It is 
possible that airway growth might be more vulner- 
able than peripheral lung growth to the adverse 
effects of very premature birth. Conducting airways 
and air spaces have a complex embryonic origin.” 


` respiratory 


The lungs are only partially developed at term.”? 3 


Multiplication of alveoli takes place in late fetal life 
as well as postnatally.*! Thereafter growth in lung 
volume is mainly due to increase in their size. It has 
been suggested that the wide between subject 
variability in maximum expiratory flow volume 
curves in healthy subjects is the result of variation in 
the development of airways in relation to their air 
spaces.” ** This is termed dysanaptic growth. It is 
possible that very premature birth that disrupts the 
normal process of lung growth and development 
could in some way alter the integrated pattern of 
growth of the airways and the air spaces. There is as 
yet no histological study that examines the effect of 
premature birth itself on the growth of the conduct- 
ing airways. 

The male sex was found to be associated with 
poor airway function in the low birthweight cohort. 
In addition, more boys had neonatal respiratory 
illness and required mechanical ventilation than 
girls. They also had a slightly poorer survival rate 
(72% compared with 78%, inborn and outborn 
combined). There appears to be a striking parallel 
between our findings and the observation that 
respiratory illnesses are commoner in boys during 
childhood.” °% The male sex might indeed be 
constitutionally more vulnerable to neonatal 
illness and adverse environmental 
influence. 

Maternal smoking, but not smoking by other 
members of the household, was independently 
associated with reduction in expiratory flow indices. 
Such a specific association was not surprising as it 
has also been observed in larger populations of 
children.*>->’ Among all members of the household, 
mothers are the ones with the most intimate contact 
with their children. It is, however, surprising that 
such an effect was detectable in a study as small as 
ours, as it might be assumed that the effects of 
neonatal mechnical ventilation and oxygen treat- 
ment would be greater than that of cigarette smoke 
exposure. In the reference group, though children 
whose mothers smoked also had lower MEF%s, the 
difference was not significant (p=0-17). Evidence is 
accumulating to suggest that the effects of maternal 
smoking on the respiratory health of their children 
occur antenatally.*® As 92% and 79% of the current 
maternal smokers were smokers before and during 
their pregnancy respectively, it was not possible to 
determine, within the size of our cohort, whether 
the effect of maternal smoking was fetal or post- 
natal. 


OUTCOME FOR BABIES WITH CHRONIC OXYGEN 
DEPENDENCY (BRONCHOPULMONARY DYSPLASIA) 
The subgroup with bronchopulmonary dysplasia had 


Lung function in children of low birth weight 


reduced vital capacity as well as other airway 
function indices. We do not know whether the 
reduced FVC was a consequence of restrictive lung 
disease or of airway obstruction. Their FEV.7s: 
FVC ratio was no different from that of the 
remainder of the cohort (fig 1) and they had no 
evidence of chest hyperinflation, suggesting that 
their lungs might be small. There is good morpho- 
logical data on lung structure in bronchopulmonary 
dysplasia. Hislop et al found evidence of damage to 
alveoli (that is, thickened interalveolar septa with 
increased elastic and fibrous tissue, dilatation of 
alveolar ducts, and overblown alveoli) in typical 
cases of bronchopulmonary dysplasia and to a lesser 
extent in those who required only minimal positive 
pressure mechanical ventilation.” Such damage 
might adversely affect lung growth, leading to 
continued abnormalities in early infancy.*° 4 As 
alveolar development is thought to be completed by 
about 2 years of age,*! complete catch up growth 
seems unlikely. Indeed severe reduction in the 
number of alveoli has been observed in cases of 
bronchopulmonary dysplasia.” “2 Alveolar under- 
development could be an explanation for the small 
FVC in our survivors who had bronchopulmonary 
dysplasia. Without knowing the lung size of these 
infants before neonatal respiratory treatment began, 
it is a matter of conjecture as to whether the 
reduction in FVC in these children was a con- 
sequence of lung damage resulting from neonatal 
respiratory support, or whether they had consti- 
tutionally smaller lungs than other low birthweight 
children to begin with, thus accounting for the high 
level of respiratory treatment that they required in 
the neonatal period. 

In other studies in which pulmonary hypoplasia is 
suspected in the neonatal period, however, catch up 
in the growth of lung function seems to occur by the 
second year of life. The fact that our subjects had 
grossly abnormal.lung function at the age of 7 years 
implies additional pathological processes. 

As in most other series, bronchopulmonary 
dysplasia occurred exclusively in very low birth- 
weight subjects (less than 1500 g) who required 
neonatal mechanical ventilation. There was, 
however, no association between the severity of the 
initial respiratory illness or the peak inspiratory 
pressure used and the development of broncho- 
pulmonary dysplasia. Some of those who developed 
bronchopulmonary dysplasia had relatively mild 
respiratory illness initially. Six did not require 
mechanical ventilation in the first 48 hours. Four 
children did not have respiratory distress syndrome, 
but were ventilated for respiratory insufficiency and 
recurre ¢ apnoea. Six children required a maximum 
inspiratory pressure of only 16 cm H,O or less. In 
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four, the maximum concentration of oxygen given 
had never exceeded 60%. In contrast, many infants 
who had severe respiratory distress syndrome and 
required a high level of oxygen treatment and 
mechanical ventilation from birth did not progress 
to develop bronchopulmonary dysplasia. 

These findings imply that the children with 
bronchopulmonary dysplasia might be more vulner- 
able to the adverse effects of neonatal respiratory 
treatment. Instead of attributing the poorer airway 
function in such children to oxygen toxicity or to the 
effects of barotrauma on immature lungs, our 
contention is that these children might have had a 
more vulnerable respiratory system than other very 
low birthweight children to begin with. Whether the 
origins of this situation should be sought in fetal 
life or in the early neonatal period, we cannot tell. 

Neonatal complications such as air leak could be 
important determinants of long term outcome, but 
because there were only eight survivors who had this 
particular complication, of whom only five were 
able to participate in lung function tests, the number 
was too small to allow for a statistical evaluation. 
Other putative risk factors such as patent ductus 
arteriosis and necrotising enterocolitis were also too 
rare for evaluation. 


CLINICAL IMPORTANCE OF REDUCED AIRWAY FUNCTION 
The strong association between cough and reduction 
in airway function confirmed the clinical significance 
of our findings. Within the limitations of our snap 
shot observations, it is not possible to say. whether 
the reduced airway function observed in these 
children at 7 years represented the ‘end-point’ in the 
development of the lungs. The implications for the 
development of chronic airflow obstruction in later 
adult life are unknown. Over the previous few years 
there had been a progressive reduction in respira- 
tory symptoms in the cohort. From 7 years to 
adulthood, although lung units do not increase 
numerically, the FVC increases by as much as 2-5 to 
3 fold.” Only longitudinal measurements collected 
in subsequent years will enable us to determine 
whether or not the airway function of the low 
birthweight cohort will show catch up growth and 
attain a level comparable with the general popu- 
lation. 

The implications for prevention are not as clear as 
one might wish. Firstly, we were unable to show a 
‘dose-effect’ association between neonatal respira- 
tory treatment and childhood lung function. 
Maternal smoking is the only factor that is potentially 
amenable to manipulation. Our evidence, added to 
the formidable published data,’ “ adds weight to 
efforts to reduce cigarette consumption by expectant 
mothers and families with young children. 
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More difficult to achieve, but potentially far 
greater in its benefits, would be a reduction in 
preterm birth. In babies of very low birth weight 
who are at greatest risk, it will be important to 
identify those factors that predispose to chronic 
oxygen dependency, bronchopulmonary dysplasia, 
and subsequent respiratory dysfunction. It is in this 
group that the greatest returns are to be expected 
for future investment in research. 
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Respiratory symptoms in children of low birth weight 
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Hospital, and Queen Charlotte’s Maternity Hospital, London 


SUMMARY We recorded the respiratory history by questionnaire in a 7 year old cohort of 
children whose birth weight was under 2000 g and an unselected reference group of local 
schoolchildren of the same age. Complete data were obtained in 121 low birthweight children 
(90% of those studied): 62 who had no neonatal respiratory illness, 25 who had oxygen treatment 
only, and 34 who received mechanical ventilation (of whom 10 had bronchopulmonary 
dysplasia). The low birthweight children were no more likely to wheeze than the reference group, 
but frequent and troublesome cough was significantly more common, especially among children 
oz very low birth weight (under 1500 g) who had received neonatal respiratory treatment. 
Neonatal mechanical ventilation was not associated with increased symptoms when compared 
with neonatal oxygen treatment alone. The prevalence of cough at the age of 7 was independently 
associated with the level of neonatal intensive care as defined by oxygen score. Although there 
was no excess of wheeze in the cohort compared with the reference group, there was a weak 
correlation between wheeze and the neonatal oxygen score as well as with maternal smoking. 
Loss of schooling due to respiratory symptoms in the nine months before this study was no 


greater in children of low birth weight than in the reference group. 


The literature contains a remarkable lack of infor- 
mation on the long term respiratory symptoms that 
are experienced by children of low birth weight. 
Our knowledge is based on a number of retrospec- 
tive studies designed primarily to evaluate lung 
function. These studies concern small, hetero- 
geneous groups of survivors selected on the basis of 
a number of different criteria. It is nevertheless 
fairly well established that respiratory illness and 
chest symptoms are common in the first year of life 
in those who survive neonatal respiratory distress 
syndrome.’ The severity of these early symptoms 
appears to be related to the intensity of respiratory 
treatment in the neonatal period.” 8 During the first 
year most of the survivors improve rapidly in respect 
of both clinical features and lung function,’ ° so that 
by school age, children are generally symptom free 
and are presumed to have recovered completely.!°! 
These conclusions are based for the most part on 
studies that were carried out at a time when there 
were relatively few long term very low birthweight 
survivors. Recently, with increased survival of very 
small infants, a. number of studies have shown 
abnormal airway function at school age.!> 

Little is known, however, of the clinical impor- 
tance of these physiological findings as very few 


authors have attempted to relate their measure- 
ments to symptoms. Those who have done so have 
been concerned only with whether or not the 
subjects were ‘symptomatic’ in comparison with 
either ‘normal’ or ‘historical’ controls rather than 
with a truly representative random sample of 
children from the general population who were born 
at the same time. In addition, most studies have 
dealt with the outcome in highly selected groups of 
subjects with, for instance, respiratory distress 
syndrome or bronchopulmonary dysplasia. There is 
no published study that has systematically examined 
the long term respiratory morbidity of prematurely 
born children with and without neonatal respiratory 
illness. 

The present study had two specific objectives. 
Firstly, we aimed to examine the long term respira- 
tory morbidity in.a cohort of age specific and 
birthweight specific low birthweight children (less 
than 2000 g) at the age of 7 years and to compare 
them with an unselected reference population of 
local schoolchildren of the same age. Secondly, we 
wished to test the hypothesis that respiratory 
symptoms in the low birthweight children, if present, 
were a consequence of neonatal respiratory illness 
and its treatment. 
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Subjects and methods 


SUBJECTS 
Details of the low birthweight cohort and the 
reference group of children have already been 
described.’° Briefly, of the 292 infants of under 2000 g 
birth weight who were admitted to the neonatal 
units of Hammersmith and Queen Charlotte’s 
Maternity Hospitals in the 12 month period (June 
1979-May 1980), 216 were alive at 7 years. Of these, 
134 were seen and examined, although not all were 
capable of completing the lung function tests. A 
group of 123 unselected local schoolchildren born in 
the same period was examined concurrently with the 
low birthweight cohort and formed the reference 
group. Children were selected from the register of 
three local schools on the basis of their date of birth, 
irrespective of their social and family background. 
No subject was excluded on the basis of current 
symptoms, or of a personal or family history of 
respiratory illness. 

Perinatal data on the low birthweight children had 
been recorded at the time of discharge from the 
neonatal units. From this file, we extracted infor- 
mation on a whole range of features that might have 
value as predictors of respiratory symptoms later in 
childhood. Among many factors, these included 
birth weight, gestational age, presence of neonatal 
respiratory illness and its complications, duration of 
oxygen and mechanical ventilation treatment, peak 
inspiratory ventilator pressure used, and maternal 
cigarette consumption during pregnancy. 

The studies were approved by local ethics com- 
mittees and the education authority. Informed 
consent was obtained from parents of both the low 
birthweight cohort and the local schoolchildren. 


PROTOCOL 

Identical questionnaires were used to record clini- 
cal, social, and family history for the low birthweight 
cohort and the reference population. (A copy of the 
questionnaire can be obtained from the correspond- 
ing author.) The low birthweight children were seen 
in hospital lung function clinics together with their 
parents. We were unable to obtain their clinical 
history by direct interview. On the other hand, the 
reference children were seen at school without their 
parents, who were therefore asked to complete both 
a consent form and a questionnaire at home and to 
return them to the school. In the questionnaire we 
asked if the child had symptoms of cough and 
wheeze, if the symptoms occurred occasionally or 
frequently, if the child had previously had treatment 
or had been in hospital for chest illness and if any 
members of the close family (natural parents and 
siblings) had asthma, hay fever, or eczema. We 


asked about the occupation and the average number 
of cigarettes currently consumed per day by each 
parent. Information on home condition, such as the 
type of fuel used for cooking and heating, if the 
home was cold or damp, and if any pets were kept, 
was also sought. We recorded whether the child had 
had a cold within the previous four weeks. 

Even though the same questions were asked, we 
could not be certain about the comparability of the 
questionnaire responses in the two populations of 
children, as the methods used, interview or self 
administration, were different. For this reason, at 
the end of our study parents of all the children in the 
study were asked to complete a second self adminis- 
tered questionnaire, which was again identical for 
both groups of children. Those for the low birth- 
weight cohort were sent by mail, whereas those of 
the reference group were delivered by their class 
teachers. This questionnaire allowed us to deter- 
mine repeatability and to ask a few additional 
questions. 

In order to improve its return rate, questions 
concerning parental social class and home conditions 
were omitted from the second questionnaire. 
Instead, further details of current symptoms were 
sought and questions concerning previous chest 
infections, admissions to hospital, atopic diathesis 
(asthma, hay fever, and eczema) in the family, and 
parental cigarette consumption were repeated. We 
also asked if smoking habits had changed in the 
previous few months. The second questionnaire was 
administered at the same time for both groups of 
children. In order to ensure that the questionnaire 
was completely filled, the parents were asked to 
indicate those questions that they did not under- 
stand or could not answer. The mean time interval 
between the two questionnaires for the low birth- 
weight children was about five months whereas for 
the reference group it was three months. A final 
total of 95% and 89% of the questionnaires were 
returned by the parents of the low birthweight and 
reference groups respectively. To ensure compar- 
ability between low birthweight cohort and the 
reference population, the second questionnaire 
formed most of the data base for this analysis. Only 
the parents’ occupation and home conditions were 
based on the first questionnaire. 

Lung function and bronchial responsiveness te 
histamine were measured on all children who did 
not have a recent respiratory infection. Details are 
described elsewhere.'® Skin prick tests against 
common allergens, namely house dust mite, group B 
pollens, and cat fur together with a control solution 
(Bencard) were carried out on the low birthweight 
children only. Subjects were considered atopic when 
a weal of at least 2 mm in diameter was present in 
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response to any one of the three allergens in the 
absence of a similar response to the control solution. 


DEFINITIONS OF RESPIRATORY SYMPTOMS 
AND ILLNESSES 
Wheeze and cough, whether they occurred un- 
provoked or in association with common colds or 
with exercise were ascertained separately. ‘Wheeze 
with colds’ was defined as a positive response 
obtained to both the questions “Has your child ever 
had wheezy chest (whistling noise) with common 
colds?’ and ‘If yes, does it happen frequently?’ 
Wheeze with exercise was defined as an affirmative 
response to the question ‘Does exercise make 
his/her chest wheezy?’ Those children in whom a 
positive response was obtained for both of the 
questions ‘Has he/she ever had troublesome cough 
following common colds’ and ‘If yes, does it happen 
frequently?’ were referred to as having ‘troublesome 
cough with colds’. Those in whom a positive 
response was obtained to the question ‘Does exercise 
make him/her cough?’ were considered to have 
‘cough with exercise’. Children whose parents 
answered ‘Yes’ to both of the questions ‘Does 
he/she cough at night not due to colds?’ and ‘If yes, 
does it happen frequently?’ were considered to have 
‘frequent nocturnal cough’. Wheeze and daytime 
and nocturnal cough were considered separately. 
Previous respiratory illnesses were defined as an 
affirmative response to a series of questions of the 
form ‘Has he/she ever had (i) asthma (ii) whooping 
cough (iii) croup (stridor) (iv) chest infection (v) an 
admission to hospital because of chest trouble?’ 
The age at which each of these first occurred and the 
number of episodes of each were also asked. A 
family history of eczema, hay fever, and asthma was 
sought among first degree relatives (natural parents 
and siblings). Parents who were current smokers 
and lived in the same household as the subjects were 
defined as current smokers. 


STATISTICAL ANALYSIS 

The extent of agreement between the responses to 
identical questions in the two questionnaires was 
determined by the index of repeatability, known as 
the Cohen’s kappa (x). This index takes into 
account the chance agreement that could have 
occurred in certain questions to which a positive 
response is low. 

Respiratory outcome at 7 years was examined by 
dividing the low birthweight cohort into subgroups 
according to birth weight (above or below 1500 g) 
and the presence or absence of respiratory illness in 
the neonatal period. ‘No neonatal respiratory illness’ 
was defined as the absence of respiratory signs or as 
the need for oxygen treatment at a concentration of 


no more than 40% for no more than six hours. 
‘Oxygen only’ was defined as neonatal respiratory 
illness needing oxygen treatment of over 40% or for 
over six hours but mechanical ventilation, if any, for 
less than three hours. ‘Mechanical ventilation’ was 
defined by the need for over three hours’ mechanical 
ventilation. An oxygen dependent group of 10 
children with bronchopulmonary dysplasia was 
defined by their oxygen dependency at 30 days of 
postnatal age. All 10 weighed under 1500 g at birth 
and had required mechanical ventilation (mean 
duration of 311 hours, range 18 to 916). 

In order to examine the association between long 
term symptomatology and the level of neonatal 
intensive treatment, an oxygen score that reflected 
both the duration and intensity of treatment in the 
neonatal period was computed. This was derived by 
allocating one point for each hour of oxygen 
treatment with an inspired oxygen concentration 
between 22% and 40%, two points for each 
hour between 41 and 60%, three points for each 
hour between 61 and 80%, and four points for each 
hour between 81 and 100%. 

Crude examination of the association between 
perinatal and other risk factors and long term 
symptomatology was initially analysed using 7 
tests. For convenience the symptoms were con- 
sidered present if they were reported to be still 
frequent, irrespective of whether they occurred 
unprovoked or after colds. Wheeze and cough were 
considered separately. As no allowance had been 
made for multiple tests performed, it was therefore 
prudent to accept a p value of <0-01 as indicative of 
statistical differences between groups. 

Multiple logistic regression analysis was used to 
test the hypothetical association between symptoms 
and perinatal factors allowing for other factors that 
might also influence the occurrence of symptoms. 
Generalised linear interactive modelling was 
adapted for such analysis. 18 


Results 


REPEATABILITY OF QUESTIONNAIRES 

Some of the questionnaires were not completely 
filled. Consequently complete data were available in 
121 (90%) and 100 (81%) of the children in the low 
birthweight and reference groups who attended. 
Only those subjects with complete information have 
been included in the following analysis. The overall 
agreement between the first and second question- 
naire within the low birthweight and the reference 
groups was no different but the x values were 
generally higher for the low birthweight cohort 
(table 1). Questions about asthma were significantly 
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Table 1 Repeatability of responses to comparable questions in the two questionnaires administered to the parents of 


121 low birthweight and 100 reference children 





Proportion in agreement 


Index of repeatability (x)* 











Low Reference Low Reference 
birthweight birthweight 
Previous hospitalisation 0-96 0-97 0-86 0-75 
Cigarette consumption by fathert 0-92 0-84 0-77 0-65 
Cigarette consumption by mothert 0-94 0-96 0-85 0-90 
Asthma in subjects 0-98 0-94 0-91§ 0-72 
Family history: 
Asthma 0-99 0-96 0-88§ 0-71 
Eczema 0-94 0-96 0-53 0-65 
Hay fever 0-95 0-94 0-75 0-65 





*Cohen’s kappa (x) is defined as the observed agreement in excess of that expected as a proportion of the total excess agreement that is 


possible. 

tAgreement defined as within 20% of daily mean. . 
Natural parents and siblings. 

§Significance of difference between groups by z test: p<0-01. 


more consistently answered by parents of the low 
birthweight cohort. 


FAMILY, HOME, AND ENVIRONMENTAL 
BACKGROUND 
There was no difference in the atopic background 


between the low birthweight and the reference - 


group, as evidenced by the similarity in the pre- 
valence of familial asthma and hay fever (table 2). 

More mothers than fathers were current smokers 
in both groups. This was in part due to the fact that 
mothers only were present in the many single parent 
households, although the prevalence of maternal 
smoking remained higher than that of paternal 


Table 2 Family, environmental, and social background 
in the low birthweight and the reference group at 7 years. 
Results are No (%) 





Low Reference 

birthweight (n=100) 

(n=121) 
Asthma in either parent 13 (11) 13 (13) 
Asthma in close family* 20 (17) 18 (18) 
Hay fever in either parent 34 (28) 30 (30) 
Hay fever in close family* 38 (31) 35 (35) 
Father a current smoker 27 (22)** 36 (36) 
Mother a current smoker 39 (32) 43 (43) 
Home cooking with gas stove 80 (66) 69 (69) 
Home cold or damp 18 (15) 21 (21) 
Low socioeconomic statust 23 (19)*** 42 (42) 
Single parent family 14 (12) 18 (18) 





*Included natural parents and siblings. 

+Parents who were either unskilled or unemployed. 
Significance of difference between groups by x? test: **p<0-01: 
***5<0-001. 


smoking even when making allowance for this 
factor. There was, however, no difference in the 
prevalence of current maternal smoking between 
the two groups. The parents of the reference group 
were of lower socioeconomic status (defined as 
unskilled or unemployed). The fact that there were 
more single mothers in the reference group who 
were not in any form of employment contributed to 
much of the difference. A greater proportion of 
fathers of reference children were smokers. There 
was, however, no significant difference in adverse 
environmental factors, such as reported poor 
housing and use of gas cooking at home. 


HISTORY 
A history of asthma was similar in the two groups of 
children (table 3). This is consistent with the fact 
that a family history of asthma was no more 
common in the low birthweight cohort than in the 
reference group (table 2). 

A history of whooping cough, previous chest 
infection, and a previous admission to hospital for 


Table 3. Respiratory history obtained at 7 years in the low 
birthweight and the reference group. Results are No (%) 





Low Reference 
birthweight (n=100) 
(n=121) 
Asthma 13 (11) 13 (13) 
Whooping cough 29 (24)* 11 (11) 
Croup (stridor) 13 (11) 4 (4) 
Previous chest infections 19 (16)* 7 (7) 
Previous hospitalisation for 
chest illness 24 (20)* 8 (8) 


Significance of difference between groups by x? test: *p<0-05. 
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chest illness was twice as common in the low 
birthweight cohort as in the reference group 
(p<0-05). Because the low birthweight children had 
been seen at special follow up clinics since birth, we 
were able to establish that 74% and 75% of the 
reported chest illnesses and admissions to hospital 
respectively had been documented in the first 2 
years of life. The prevalence of chest infection 
recorded during the first 2 years was 2%, 20%, 
18%, and 30% for children who had no neonatal 
respiratory illness, oxygen treatment only, mechani- 
cal ventilation, and bronchopulmonary dysplasia, 
respectively. For admission to hospital for respiratory 
illness, the figures were 6%, 12%, 18%, and 40%, 
respectively. In the nine months before the study 
there was no significant difference in the loss of 
schooling due to respiratory illness between the low 
birthweight and the reference group (mean loss of 
schooling: low birth weight 4-7 days, reference 3-8 
days). 


Table 4 Respiratory symptoms in the low birthweight 
cohort and the reference group at 7 years. Results are 
No (%) 








Low Reference 
birthweight (n=100) 
(n=121) 
Wheeze with exercise unrelated 
to colds 13 (11) 9 (9) 
Wheeze with or without colds 19 (16) 16 (16) 
Cough with exercise unrelated 
to colds 26 (22)* 10 (10) 
Cough with or without colds 41 (34)** 17 (17) 
Frequent nocturnal cough 
unrelated to colds 11 (9) 8 (8) 





Significance of difference between groups by x? test: *p<0-05; 
**7<0-01. 


CURRENT SYMPTOMS 

The overall prevalence of wheeze, whether or not it 
occurred in association with common colds or with 
exercise, was similar in the low birthweight cohort 
and in the reference group (table 4). The prevalence 
of daytime cough was twice as common in the low 
birthweight subjects, though the prevalence of 
frequent nocturnal cough was almost identical. The 
overall prevalence of symptoms (all categories 
combined) in the low birthweight children was only 
marginally higher than that of the reference group 
(p=0-05). 

In the reference group wheeze, but not cough, 
was significantly associated with a history of asthma 
in the family (p<0-01) (table 5). Daytime cough 
(but not nocturnal cough) was weakly associated 
with maternal smoking (p<0-05) but not with 
smoking by other members in the household. There 
was, however, no ‘dose-effect’ association between 
the number of cigarettes that mothers smoked per 
day and wheezing. There was no association 
between symptoms and the sex, or ethnic or socio- 
economic background of the children. Gas cooking 
and poor housing (cold or damp) were not associated 
with increased symptoms in the children. 

In contrast, in the low birthweight cohort, the 
association between wheeze and a family history of 
asthma did not reach a level of significance (p=0-06) 
and there was no association between the symptom 
and positive skin prick tests. There was, however, a 
significant association between maternal smoking 
and wheeze (p<0-01). For cough, when considered 
separately, there was a borderline association with 
both maternal smoking and low socioeconomic 
status (p<0-05), but, as will be seen later, these 
associations were not significant when other factors 
were taken into account. Smoking by other house- 
hold members, sex, and ethnic background of the 
subjects were not associated with symptoms. 


Table 5 Prevalence of symptoms in relation to a family history of asthma, maternal smoking, and low socioeconomic 
status in the low birthweight and the reference group. Results are No (%) Í 


ŘS 


Family history of asthma 


Maternal smoking 


Low socioeconomic statust 








Yes No Yes No Yes No 
Wheeze: - 
Low birth weight 6/20 (30) 13/101 (13y 11/39 (28)** 8/82 (10) 5/23 (22) 14/98 (14) 
Reference 7/18 (39)** 9/82 (11) 9/43 (21) 7157 (12) 6/42 (14) 10/58 (17) 
Cough: 
Low birth weight 9/20 (45) 32/101 (32) 18/39 (46)* 23/82 (28) 12/23 (52)* 29/98 (29) 
Reference 5/18 (28) 12/82 (15) 11/43 (26)* 6/57 (11) 9/42 (21) 8/58 (14) 


Significance of association by x? test: *p<0-05; **p<0-01. 





(As no allowance has been made for multiple comparisons, the level of significance should be taken as p<0-01.) 


+Parents who were either unskilled or unemploved. 
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Table 6 Multiple logistic regression analysis for the association between neonatal oxygen score and respiratory symptoms 
at 7 years in the low birthweight cohort allowing for four pertinent variables 











Symptom variable Odds 95% Confidence Probability 
ratio interval for 
odds ratio 
Wheeze: 
Family history of asthma 2-05 0-58 to 7-18 0:27 
Atopic skin test 2-50 0-71 to 8-80 0-16 
Maternal smoking 3-39 1-13 to 10-20 0-03 
Low socioeconomic status 1-29 0-35 to 4-75 0-70 
Neonatal oxygen score* 1-57 1-07 to 2-30 0-02 
Cough: 
Family history of asthma 1-43 0-49 to 4-22 0-48 
Atopic skin test 1-85 0-64 to 5-30 0-25 
Maternal smoking 1-95 0-83 to 4-62 0-12 
Low socioeconomic status 2-58 0-94 to 7-11 0-07 
Neonatal oxygen score* 1-53 1-13 to 2-07 0-005 





Definition: family history of asthma (negative=0, positive=1); atopic skin test (negative=0, positive=1); maternal smoking (no=0, 


yes=1); low socioeconomic status (no=0, yes=1). 


*Defined in text: coded into five levels (as 0-4) for scores of 0, 1-60, 61-240, 241-960, 961-3800. 
The magnitude of the estimated odds ratios is dependent on the integral values. 


ASSOCIATION BETWEEN PERINATAL FACTORS AND 
CHILDHOOD SYMPTOMS 

Wheeze was no more prevalent in the low birth- 
weight children than in the reference group. Never- 
theless there was a weak association between the 
prevalence of wheeze and both the neonatal oxygen 
score and maternal smoking (table 6). 

The prevalence of cough in those who had no 
neonatal respiratory illness was no higher than in the 
reference group. It was, however, significantly higher 
in those who received neonatal respiratory treat- 
ment. The difference was largely attributable to the 
increase in the prevalence of cough in very low 
birthweight children (<1500 g) who had neonatal 
respiratory treatment (figure). 

For those who required neonatal respiratory 
treatment, whether of very or moderately low birth 
weight (1501-2000 g), mechanical ventilation was 
not associated with an increase in symptoms at 7 
years. The 10 children who were oxygen dependent 
beyond the neonatal period (those with broncho- 
pulmonary dysplasia) had the highest prevalence of 
symptoms, but compared with other very low 
birthweight children without bronchopulmonary 
dysplasia, the difference was not significant. 

The prevalence of asthma was extraordinarily low 
in the low birthweight children who received neo- 
natal mechanical ventilation (5-9%), despite the fact 
that the prevalence of symptoms in those who 
received mechanical ventilation (wheeze 26-5%, 
cough 44%) was not different from those who 
received oxygen treatmént alone (wheeze 24%, 
cough 40%). The prevalence of previous chest 
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Figure Prevalence of symptoms in the low birthweight and 
the reference groups in relation to neonatal respiratory 
treatment and birth weight. Reference group (n=100)=Ħ; 
very low birthweight children (<1500 g)=@; and 
moderately low birthweight children (1501 to 2000 g)=O. 
Of the group of very low birthweight children, 22 had no 
neonatal respiratory illness, 40 oxygen treatment only, and 
14 mechanical ventilation; the numbers for those of 
moderately low birthweight were 11, 16, and eight, 
respectively. There were 10 children in the oxygen 
dependent group, all of whom weighed <1500 g at birth. 
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infections and admissions to hospital for chest illness 
in the low birthweight children who had no neonatal 
respiratory illness was equivalent to that of the 
reference group, but these features were commoner 
in those who had neonatal respiratory illness. 

Using multiple logistic regression analysis the 
hypothetical association was confirmed between the 
level of neonatal intensive care (oxygen score) and 
symptoms reported at 7 years, allowing for a 
positive history of asthma in the family, positive skin 
tests, maternal smoking, and low socioeconomic 
status (table 6). There was no correlation between 
oxygen score and other variables considered in the 
analysis. Addition of variables that reflect the use 
and extent of neonatal mechanical ventilation, 
including both its duration and the peak inspiratory 
pressure required, did not explain any further 
deviance than oxygen score alone. In addition, the 
prevalence of wheeze was associated with maternal 
smoking, but not with any other perinatal factors 
examined, suggesting that both maternal smoking 
and oxygen score were independently associated 
with the symptom. Mothers who smoked were likely 
to have done so before (92%) and during (79%) 
pregnancy, therefore it was not possible to analyse 
the effect of maternal smoking during pregnancy 
and during infancy independently. 


Discussion 


SUBJECTS 

Our study of childhood respiratory symptoms in low 
birthweight children has several features that con- 
tribute to avoid the bias inherent in most previous 
studies. 

The study cohort was recruited into this prospec- 
tive follow up study at the time of birth or entry into 
the neonatal units, and perinatal data were recorded 
at the time of discharge. Consequently their partici- 
pation in the study was not influenced by the 
severity of their neonatal respiratory illness or their 
symptomatology later on in life. In addition, the 
cohort was recruited in a chronologically confined 
period of 12 months, and was drawn almost com- 
pletely from the local population and immediately 
surrounding hospitals. There has only been one 
previous study that prospectively examined the 
respiratory symptomatology of prematurely born 
children,® but this did not extend beyond 1 year 
of age. 

Matched full term controls were not recruited in 
the neonatal period. Instead, when lung function 
tests started, arandom sample of local schoolchildren 
was recruited as the reference group. Recruitment 
was based simply on the geographical location of 
their schools and on their date of birth. No attempt 


was made to select subjects in order to match the 
low birthweight cohort. Children were not excluded 
from the reference group on the basis of their 
previous respiratory history or symptoms. Indeed 
symptom questionnaires were not analysed until 
lung function data had been ‘collected from both 
groups of children. Because the reference group was 
unselected, some disparities in their background 
compared with that of the low birthweight cohort 
were to be expected. In the reference group there 
were more non-white children (low birthweight 
22%, reference 44%) and parents were more com- 
monly either unskilled or unemployed (low birth- 
weight 19%, reference 42%), although the two 
groups had the same proportion of boys (low 
birthweight 53%, reference 54%). In contrast with a 
previous report, however, we found no association 
between symptoms and low socioeconomic status or 
ethnic group.” Such discrepancies did not affect our 
conclusions. 


QUESTIONNAIRE 

Two questionnaires were used to obtain the history 
for each child. The second self administered 
questionnaire, which was identical both in content 
and in method of administration to the parents of 
both groups of children, formed the main data base 
for this analysis. It was essential to ensure that both 
the questionnaire and the method of administration 


` were identical because subtle changes in the wording 


of the questions could have influenced the response. 

The design of the second questionnaire was such 
that the questions were simple and most of the 
responses required a simple tick indicating ‘yes’ or 
‘no’. For most items the index of repeatability was 
high, suggesting that the questions were compre- 
hended. 

The questionnaire technique is not necessarily 
inferior to that of the interview technique in clinical 
research. The main disadvantage of the interview 
technique is that it is susceptible to observer bias. 
An interviewer who is aware whether the subject is 
in the study or control group may consciously or 
subconsciously probe harder for some responses 
while neglecting others. Such bias is probably 
common but is notoriously difficult to detect or to 
eliminate. It is important because it can substantially 
influence the findings of a study. The questionnaire 
method has the distinct advantage that if identical 
questionnaires are used and the mode of administra- 
tion is similar, there is no room for observer bias. 

In common with all clinical studies, a major 
uncertainty is recall bias by the respondents. Recent 
studies showing the lack of agreement between 
parental reports of recurrent Sore throat compared 
with prospective monitoring,2! between reported 


Respiratory symptoms in children of low birth weight 1301 


respiratory illness compared with general prac- 
titioners records, and between diary scores of 
nocturnal cough compared with bedside tape 
recordings” illustrate how much care is needed to 
validate reports of symptoms and illness. Because 
our low birthweight’ cohort had been seen at 
intervals since their discharge from our neonatal 
units (follow up at 3, 6, 9, 12, 18 months and 2, 3, 
and 5 years), we were able to verify that 74% and 
75% of chest infections and hospital admissions for 
chest illness had already been documented in the 
first two years. Conversely, of the 14 and 18 children 
who had documented chest infection and hospital 
admissions, only two and one respectively were not 
reported as such by parents at 7 years. The number 
of admissions to hospital reported at 7 years was 
highly correlated with those documented in previous 
years (r=0-96). Our findings showed that misclassi- 
fication due to parental failure to recall with respect 
to previous respiratory illnesses in the low birth- 
weight cohort was small. 

It was impossible to verify the reporting of such 
features as symptoms and cigarette consumption by 
parents. Accepting the fact that their verification 
was impracticable and probably technically impos- 
sible, we resorted to an alternative approach that 
was perhaps the next best. We examined the 
repeatability of the questionnaire responses. 
Although this did not test their validity, it reflected 
the general consistency of the responses obtained. 

Although the same questions were asked and the 
overall repeatability compared favourably with 
other studies,” the repeatability of the responses (x 
values) by the parents of the low birthweight 
children was in general better than that of the 
reference group. There are several possible ex- 
planations. Firstly, more parents of the reference 
group than the low birthweight cohort were of low 
socioeconomic status or from ethnic minorities. 
Secondly, the first questionnaire was administered 
to the parents of the low birthweight children! by 
direct interview whereas that for the reference 
group was completed by the parents themselves 
without the assistance of an interviewer. Thirdly, 
the low birthweight children were recruited at or 
soon after the time of birth whereas the reference 
group was recruited at 7 years. The parents of the 
low birthweight cohort had been interviewed and 
questioned about their children’s symptoms on a 
number of occasions in the previous years. This 
could enhance recall. The only way to avoid this 
form of bias would have been to recruit and 
subsequently monitor a concurrent full term control 
group. Finally, premature birth and its conse- 
quences may have heightened parental anxiety and 
influenced the perception and recollection of sym- 


ptoms many years later. Such bias was unavoidable 
and would not be removed even if a parallel group 
of healthy full term children had been recruited and 
followed up from the time of birth. 

The reporting of symptoms in young children is 
substantially different from that in the older popu- 
lations as it takes place at second hand. Conse- 
quently reporting of symptoms is biased by dif- 
ferences in perception and recall in individual 
parents. The prevalence of wheeze was no greater 
in low birthweight than in reference children. This 
argues against a major recall bias in the parents of 
low birthweight children. Furthermore reliable 
responses to questions on symptoms can only be 
obtained if they are easily recognised. Hence 
questions concerning symptoms that were more - 
subjective in nature, such as chestiness or shortness 
of breath on exercise were omitted. At appropriate 
places in our questionnaire, we asked if the parents 
would like to report any other symptoms. Five low 
birthweight children were reported to have short- 
ness of breath compared with none in the reference 


proup. 


RESPIRATORY SYMPTOMS IN LOW BIRTHWEIGHT 
CHILDREN 

Wheeze and cough are the commonest respiratory 
symptoms in children. They may occur with or 
without an associated cold. The symptoms were 
commonly reported even: among the healthy 
reference population of schoolchildren: 17% had 
cough and 16% had wheeze (table 4). It is essential 
to compare the findings in low birthweight children 
with those of a large random sample extracted from 
the general population of children of the same age 
rather than with ‘normal’ controls. Ideally the study 
and the reference group should have been matched 
for all possible confounding variables. In our study. 
we opted for an unselected random sample of local 
schoolchildren as our reference group. There was an 
excess of children of non-white origin and lower 
socioeconomic status due to an excess of single 
parent families. If these factors had had any detect- 
able adverse influence on respiratory health it woulc , 
be to minimise the difference found between the twe 
groups and would not affect our conclusions..In any 
case, in testing the hypothetical association between 
long term symptomatology and neonatal respiratory 
treatment, these were adjusted for by statistical 
techniques. 

Despite the increasing survival of prematurely 
born infants, the amount of literature on the long 
term respiratory symptomatology in these children 
is surprisingly scanty. Various indices of respiratory 
morbidity had been used in previous studies. Some 
were based on clinical diagnosis, some based on 
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lower respiratory tract infection with changes in 
chest radiographs” or requiring admission to 
hospital,” 7° whereas others were concerned with 
wheeze.* 2” Based on different criteria these studies, 
mostly reported in the 1970s, did not find increased 
wheeze or respiratory morbidity in prematurely 
born children or survivors of respiratory distress 
syndrome in childhood. It appeared, therefore, that 
ccmplete recovery was the rule. These studies are 
difficult to interpret, however, as many of them did 
not include a matched control group.’ 6 2” 28 More- 
‘over, many of these studies were designed primarily 
to examine outcome by other techniques. Because 
of their small study size, these studies had poor 
statistical power to test for a difference between 
groups. Not surprisingly, therefore, respiratory 
symptoms in long term survivors were either 
mentioned in passing or omitted altogether by many 
previous investigators. 

We found that low birthweight children were no 
more likely to wheeze than a random population of 
children of the same age. Nor was a history of 
asthma more common in low birthweight subjects or 
in their parents than in the reference group.!° The 
major difference in symptoms between the low 
birthweight and reference population was in the 
prevalence of cough. The possibility that the 
increase in cough in the low birthweight cohort 
might have been due to better recall by their parents 
was not supported by -any increase in wheeze in 
these children. 

In addition to an increase in the prevalence of 
previous chest infections and hospital admissions, a 
history of whooping cough was also more common 
in the low birthweight children. This could be due to 
differences in pertussis vaccination rate as at the 
time there had been a reluctance to give such 
vaccinations to low birthweight children. Some of 
the ‘frequent troublesome cough’ in these children 
could have been attributed to whooping cough 
(pertussis syndrome). 


ASSOCIATION BETWEEN RISK FACTORS AND LONG TERM 
SYMPTOMATOLOGY 

In contrast with the reference group, in the low 
bir-hweight cohort there was a significant association 
between wheeze at 7 years and maternal smoking 
(table 6). A link between maternal smoking and the 
respiratory health of their children has previously 
been reported in epidemiological studies.2>*> It is 
independent of many other confounding variables, 
and is probably a causal association that could be 
effected either . postnatally or antenatally.** 35 
Within the relatively small study size of the low 
birthweight cohort (n=121), it was not possible to 
determine whicl. of these was the case, as less than 


20% of mothers who smoked altered their smoking 
habits in relation to pregnancy. 

The lack of a significant association between 
wheeze and a positive family history of asthma in the 
low birthweight cohort is surprising given the strength 
of the association in the reference group (table 5). It 
suggests that other factors were predominant, and 
that our study was too small to enable us to detect an 
additional familial factor. Although there was no 
excess of wheeze in the low birthweight children 
compared with a random sample of healthy school- 
children, both maternal smoking as well as neonatal 
oxygen score were weakly associated with the 
symptom at 7 years. The overall findings suggest 
that a family history of asthma does not significantly 
increase the risk of wheeze in the long term low 
birthweight survivors. 

The association between neonatal oxygen score 
and childhood cough was not uniform in the cohort. 
The excess of cough was especially pronounced in 
the very low birthweight children who received 
neonatal intensive care (figure). This contrasts with 
the very low prevalence of symptoms in the other 
very low birthweight children who did not receive 
neonatal respiratory treatment. It is probable that 
very low birthweight children were more vulnerable 
to the effect of neonatal respiratory treatment than 
the remainder of the cohort and that the symptom 
that they manifested at the age of 7 was cough rather 
than wheeze. The hypothetical association between 
the symptoms at 7 years and the level of neonatal 
respiratory treatment (oxygen score) was confirmed 
by multiple logistic regression analysis, allowing for 
other variables which could have influenced the 
occurrence of symptoms. 

Although the association between childhood 
symptoms and oxygen score confirmed that the 
former could be attributable to the level of neonatal 
intensive care received, it does not prove that the 
association ‘is causal. It remains possible that their 
association was linked by other confounding factors 
such as host vulnerability, leading to both an 
increase in the level of neonatal respiratory treat- 
ment required as well as long term respiratory 
symptomatology. The relatively low level of 
symptoms, especially wheeze, in the low birthweight 
children compared with the reference group argues 
against the association being the result of preferen- 
tial recall bias by their parents. But it also implies 
that even if the association were causal, the scope 
for improvement in symptoms in long term survivors 
might be limited. Similarly, though neonatal lung 
injury is clearly associated with mechanical ventila- 
tion,”* there was no significant excess of symptoms 
in those who received this form of treatment 
compared with those who had oxygen treatment 
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alone. Although this is a welcome finding, it does 
suggest that the potential for improving long term 
symptomatology through continuing advances in 
neonatal ventilatory technology is not great. Among 
all the perinatal risk factors examined, maternal 
smoking was the only significant factor that might be 
amenable to manipulation. With evidence that the 
effect of maternal smoking could be due to both 
antenatal and well as postnatal exposure, it would 
be important to advise abstention early in pregnancy 
or before conception. 

In conclusion, we have found a relatively small 
excess of coughing in 7 year old children of low 
birthweight compared with a random sample of 
healthy schoolchildren of the same age. This 
symptom has been overlooked by previous studies. 
Its significance in the low birthweight cohort was 
confirmed by its association with the level of 
neonatal respiratory treatment. With progressive 
reduction in the level of symptoms experienced by 
the low birthweight cohort over the previous few 
years, one can afford to be optimistic about the long 
term outlook. This speculation could only be con- 
` firmed by longitudinal studies in subsequent years. 
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Pressure flow characteristics of the valve in spacer devices 


F H SENNHAUSER AND P D SLY 
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SUMMARY The valve system in the mouth piece of 
two spacer devices was analysed. Pressures required 
to open and close the non-rebreathing valve were 
very low (<0-1 kPa). Inspiratory flow requirements 
were within physiological limits for infants’ normal 
tidal breathing. Expiratory flow requirements varied 
Significantly, and the flow required to prevent 
rebreathing from the chamber may exceed the 
physiological flow limits for normal tidal breathing. 





Recurrent wheezing attacks in children aged less 
than 18 months are common but difficult to treat.! 
The use of conventionally nebulised medication is 
not commonly recommended in this age group 
because of inefficacy of bronchodilators. Oral 
bronchodilators have more side effects than inhaled 
B2 agonists and are frequently not helpful. Clinical 
experience, however, shows that, even in early 
infancy, improvement of broncho-obstructive 
symptoms can be achieved in some infants by 
treating them with inhaled bronchodilators. Wet 
nebulisers can be used to deliver bronchodilators 
but are time consuming and expensive. A simpler 
and cheaper device would allow inhaled broncho- 
dilators to be used more widely, particularly at 
home. 

Aerosol holding chambers (spacer devices) have 
recently been introduced to assist aerosol delivery 
in children too young to use metered dose aerosol 
successfully. These devices have been shown to 
decrease oropharyngeal deposition and increase 
deposition in the lungs, so long as they have an 
appropriate design.2 Two commercially available 
spacers appear to fulfil the design requirements. 
These are the Volumatic and the Nebuhaler. 

The use of spacer devices has been advocated in 
infants by attaching a face mask to the mouth piece.? 
However, no information is available on the 
pressure and flow that are required to operate the 
non-rebreathing valves. The present study was 
performed to define pressure and flow character- 
istics of the valve system and their inter-relationship 
with the orientation of the airspacer. This know- 
ledge is necessary before we try to define the place 


of spacer devices in the treatment of small and sick 
infants who might be unable to generate the 
necessary flow and pressure to operate the valve 
system. Failure to open the valve during inspiration 
would result in failure to deliver the bronchodilator, 
while failure to close the valve during expiration 
would leave the infant vulnerable to rebreathing 
from the spacer. 


Methods 


The valve system in the mouth piece of the 
commercially available spacer devices Nebuhaler 
(Astra) and Volumatic (Glaxo) were analysed. Five 
examples of each model were tested. Simulated 
‘inspiration’ and ‘expiration’ through the mouth 
piece was performed by slowly increasing air flow , 
until the valve opened or closed, respectively. 
Pressure inside the spacer was measured to deter- 
mine precisely when the valve closed or opened. 
The time of valve closure or opening was obtained 
when the spacer pressure changed abruptly. The 
pressure on the mouth side of the valve and flow 
across the valve (Fleisch No 1 pneumotachograph) 
were recorded at that time. The position of the 
spacer recommended for use in adults is horizontal. 
It seemed more likely that the spacers would be 
given to infants lying supine (spacer vertical) or 
propped up in their parent’s arms (spacer at an angle 
of about 45°). 

We therefore recorded mouth pressure and flow 
with the spacer held in three different orientations: 
horizontal, at an angle of 45°, and vertical. The 
mouth piece end of the device was raised (45°, 
vertical) during inspiration and declined (45°, 
vertical) during expiration in order to measure the 
opening and closing pressure respectively. For each 
of the 10 spacers the measurements were repeated 
five times in a random order in each position. The 
intradevice and interdevice coefficients of variation 
for the obtained values were calculated for both 
spacers. In addition, the effect of. activating a 
metered dose inhaler on the spacer valve was tested 
by repeating the measurements in one position 
(inspiration, 45° vertical) after 10, 20, and 100 
activations, respectively. Student’s independent ¢ 
test was used to compare sample means. 
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Table 1 Mean (SD) inspiratory and expiratory flow rates in mlisecond 
Inspiration Expiration 
Vertical 45° Horizontal Vertical 45° Horizontal 
Nebuhaler 
(n=5) 12-0 (1:3) 11-9 (1-7) 9-9 (1:3) 73-9 (2:5) 71:3 (5-2) 38-1 (6-3) 
Volumatic 
(n=S) 10-3 (0-6) 9-7 (1-0) 7-0 (1-0) 24-3 (4:0) 20-7 (3-5) 16-0 (5-0) 
*All differences between space devices were significant (p<0-0001). 
Table 2 Coefficients of variation for inspiratory and expiratory flow rates (%) 
Inspiration Expiration 
Vertical 43° Horizontal Vertical 45° Horizontal 
Nebuhaler (n=5) 
Intradevice 
Median 9 13 8 3 4 i 
Range 5-17 6-18 8-13 1-5 39 6-19 
Interdevice 11 14 13 3 7 : 16 
Volumatic (n=5) 
Intradevice 
Median 4 10 7 6 6 24 
Range 16 3-12 422 4-22 3-29 153-49 
Interdevice 6 11 14 17 17 31 
Results advance in the treatment of asthma as they allow 


In each position the expiratory flows required to 
close the valve were higher than the inspiratory 
flows required to open the valve (¢ test, p<0-0001) 
and were greater with the Nebuhaler in all positions 
than with the Volumatic (t test, p<0-0001) (table 1). 
The pressures required to open and close the spacer ' 
valves were always less than 0-1 kPa (negative or 
positive) in all positions. 

The intradevice coefficients of variation for the 
two airspacers did not differ significantly (t test, 
p>0-05) (table 2). The interdevice coefficients of 
variation were similar for Volumatic and Nebuhaler 
except during expiration when the coefficients for 
Volumatic were more variable. 

The use of a metered dose inhaler did not effect 
the valve function of either spacer. The flows and 
pressures required to open the valves following 10, 
20, or 100 activations of the inhaler were not 
significantly greater than those required to open the 
valve under control conditions. 


Discussion 


Spacer devices potentially represent a significant 


inhaled 8, agonists to be given to younger children 
who are unable to use a metered dose aerosol 
successfully. However, before these devices are 
widely adopted, their physical characteristics need 
to be evaluated. The results of the present study 
have shown that the pressures needed to open and 
close the valve in both airspacers are minimal (<0-1 
kPa). These pressures should easily be generated 
even by small or sick infants. 

The inspiratory flows required to open the spacer 
valves were very low (range 7-12 ml/second) regard- 
less of the position of the spacer even with the 
spacer vertical (valve uppermost). These values of 
inspiratory flow can easily be achieved by infants. 
Reported values for peak inspiratory flow during 
tidal breathing in infancy range between 80-150 
ml/second.*® In addition, inspection of flow-volume 
loops in both healthy infants and those with 
bronchial obstruction show that during most of 
normal tidal inspiration the flow is sufficient to open 
the valve. Before the use of spacers becomes 
widespread in infants with bronchial obstruction, 
some assessment of whether such infants can 
generate sufficient pressure and flow to operate the 
valve is needed. 
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During expiration the flows required to close the 
Volumatic valve were slightly higher than those 
-required to open the valve, but lie still in a range 
easily achievable by infants. The flows required to 
close the Nebuhaler valve were significantly higher 
than those required to close the Volumatic valve. In 
the vertical position the expiratory flows averaged 
73-9 ml/second (range 69-8-81-5 ml/second) for the 
Nebuhaler and 24-3 ml/second (range 11-7-31-2 
ml/second) for the Volumatic. These flows required 
for valve closure in Nebuhaler may not be achievable 
by infants. The reported values for peak tidal 
expiratory flow in normal infants (5 to 11 months of 
age) are 70 ml/second.° During most of expiration 
the flow is likely to be considerably less, especially 
in infants with obstructive airway diseases. Infants 
with expiratory flow limitation during tidal breath- 
ing can-not increase expiratory flows without 
increasing lung volume. Failure to close the spacer 
valve exposes the infant to the risk of rebreathing. 

The intradevice and interdevice coefficients of 
variation for both types of spacer devices are 
acceptable. The higher coefficients of variation 
found during expiration in the Volumatic spacer 
device than found for Nebuhaler are interesting but 
of no clinical importance. Thus the intradevice or 
interdevice variability is not an additional factor to 
be considered when using airspacers in infancy. 

Although up to 100 activations of a metered dose 
inhaler did not result in an increase in the pressure 
or flow required to open the spacer valve, prolonged 
use without adequate cleaning could result in the 
valve becoming ‘sticky’, thus requiring greater 
pressures and flows to operate the valve. Further- 
more, the simulated inspiration and expiration in 
the present study were performed using room air. It 
is possible that humid expired air could cause the 
valve to become ‘sticky’. - 


In conclusion, our results show that the flows 
required to open the valves in the Volumatic and 
Nebuhaler spacer devices are within the range of 
reported values that can be achieved even by flow 
obstructed infants. Flows required to close the 
valve, however, may not lie within reported physio- 
logical limits for normal tidal breathing of even 
healthy infants. Further studies, with particular 
reference to the flows generated during tidal breath- 
ing, and the orientation of the device, are needed to 
evaluate the possible role of aerosol holding 
chambers in the treatment of wheezy infants. 
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Polycystic ovary syndrome in a virilised, premenarcheal girl 
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SUMMARY A premenarcheal girl aged 12 years 
presented with an abdominopelvic mass and 
virilisation. A large ovarian cyst was removed at 
laparotomy. A histological diagnosis of polycystic 
ovarian syndrome was made, with no evidence of an 
associated masculinising tumour. 





Queen Charlotte’s and Chelsea Hospital, and tHospital 


Polycystic ovary disease was initially described by 
Stein and Leventhal in 1935 as comprising the triad 
of obesity, hirsutism, and amenorrhoea in women 
with bilaterally enlarged polycystic ovaries.1 In 
more recent years the term ‘polycystic ovary syn- 
drome’ has come to be applied to a broad range of 
clinical features including hirsutism, secondary 
amenorrhoea or other menstrual irregularities, 
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infertility, obesity, and enlarged ovaries. Frank 
virilisation is rare and the syndrome is usually seen 
in the third or fourth decades of life, but there are 
isolated reports of it in premenarcheal girls. This 
report describes a 12 year old girl with pronounced 
virilisation, a large ovarian cyst, and polycystic 
changes in both ovaries. 


Case report 


A girl presented at the age of 12 years and 5 months 
with several months history of persistent abdominal 
swelling. She was otherwise asymptomatic and she 
was premenarcheal. 

On examination her height and weight were on 
the 75th centile for chronological age, and she had 
normal blood pressure. She had signs of virilisation, 
namely mild hirsutism, a deep voice, acne, and an 
enlarged clitoris. A large firm mass arising from her 
pelvis and extending to the level of her umbilicus 
was palpable. Her breast development was Tanner 
stage 2 and pubic hair stage 3. 

Investigations showed that she had a normal 
female karyotype. Bone age was advanced at 
15 years; skull radiographs were normal. Her endo- 
crinological investigations are summarised in the 
table. The plasma testosterone concentration was 
ccnsiderably raised, and the androstenedione con- 
centration was also raised. The other measurements 
were within normal limits for her pubertal stage. A 
large right sided ovarian cyst was shown on ultra- 
sonography. 

At laparotomy a large cyst, about 15 cm in dia- 
meter was found arising from the right ovary. The 
left ovary was slightly enlarged but otherwise 
normal. A right salpingo-oophorectomy and a 
wedge resection of the left ovary were carried out. 

On histological examination by two independent 
pathologists no evidence of an androgen secreting 
tumour was found, and both ovaries had a polycystic 
appearance. 

Immediately after operation the plasma testo- 
sterone concentration fell to 2-6 nmol/l, but then 
rose again over the next few months. High dose 


Table Summary of endocrinological investigations 





Patient's value Normal range 





Testosterone (nmol/l) 9-3 0-9-2-7 
Androstenedione (nmol/l) 5-0 0-9-3-9 
Luteinising hormone (IU/l) 9-0 5-6-13-6 
Follicle stimulating hormone 

dun) 6-0 2-4-7-7 
Oestradiol (nmol/l) 0-21 0-03-0-22 
17-OH progesterone (nmol/l) 2-0 0-4-4-2 





dexamethasone failed to suppress androgen concen- 
trations. Buserelin, a synthetic analogue of lutein- 
ising hormone releasing hormone, was given intra- 
nasally for three weeks and this resulted in a 
suppression of her plasma androgen concentration, 
which was sustained for some months. Her plasma 
testosterone concentration subsequently rose again, 
however, to 5-7 nmol/l and a further ultrasound scan 
showed polycystic changes in her remaining ovary. 
In view of these findings and her lack of breast 
development she was given a low dose combined 
oral contraceptive containing ethinyloestradiol 30 yg 
and desogestrol 150 pg (Marvelon, Organon). Six 
months later her plasma testosterone concentration 
had fallen to <0-7 mmol/l, and neither luteinising 
hormone nor follicle stimulating hormone were 
detectable in the serum. 


Discussion 


This patient had isolated polycystic ovary syndrome 
presenting with a pelvic mass and clinical signs of 
virilisation. An adrenal source of androgen excess 
was excluded by the failure of high dose dexa- 
methasone to suppress plasma testosterone, and no 
ovarian tumour was found on histological examina- 
tion. There was a temporary suppression of andro- 
gen concentrations while the patient was taking 
intranasal Buserelin: gonadotrophin releasing 
hormone agonists can suppress gonadotrophin 
secretion in patients with polycystic ovary syn- 
drome.” 

There are three unusual features about this case. 
Firstly, the degree of virilisation was greater than 
expected for a patient with polycystic ovary syn- 
drome: the considerably raised concentrations of 
testosterone in this patient were more suggestive of 
an adrenal or ovarian tumour, but these were 
excluded. 

The second unusual feature was the early age of 
onset of the disease and its timing in relation to 
puberty. Such a presentation at this age would again 
make an adrenal lesion or an ovarian neoplasm most 
likely. There are a few isolated reports of polycystic 
ovary syndrome occurring in premenarcheal girls 
without an associated ovarian tumour. Prunty et al, 
described a girl of 17 years who presented with 
primary amenorrhoea and severe virilisation.? In 
1972 Richmond et al reported a girl who presented 
at the age of 13 years and 2 months for investigation 
of hirsutism.’ She was premenarcheal with virilisation 
and acanthosis nigricans. Wedge biopsy specimens 
of both ovaries showed histological changes consis- 
tent with polycystic ovary syndrome but with no 
associated tumour. In this case the maximum plasma 
testosterone concentration on initial investigation 
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was 4-9 nmol/l. Ovulation and regular menstruation 
were induced by treatment with clomiphene. 

More recently, Rao et al reported a 12 year old 
girl with progressive hirsutism of nine months’ dura- 
tion. This patient was also premenarcheal with 
clinical signs of virilisation. Her plasma testosterone 
concentrations were initially measured on three 
occasions as being between 4-8 and 9-3 nmol/l. Both 
ovaries were enlarged on exploratory laparotomy, 
and bilateral wedge resections of the ovaries were 
carried out, which showed histological evidence of 
polycystic ovary syndrome but no tumour. In this 
patient the testosterone concentrations did not fall 
after operation, and she was treated successfully 
with an oral contraceptive. 

Thirdly, polycystic ovary syndrome is usually 
characterised by some enlargement of the ovaries, 
but is rarely associated with large cysts. The patients 
in the reports above all had bilaterally moderately 
enlarged ovaries, but none had individual cysts of 
the size seen in our patient. This feature also 
Suggests the possibility of associated malignancy, 
which was not found. 

The pathophysiology of polycystic ovary syn- 
drome is still not clearly understood. There are 
three main approaches to its treatment. Ovulation 
may be induced by various drugs including clomi- 
phene citrate, human chorionic gonadotrophin, and 
pure follicle stimulating hormone; the older thera- 
peutic approach of ovarian wedge resection is used 
much less often today. Antiandrogenic drugs such as 
cyproterone acetate may be used to reverse the 


clinical features of masculinisation. Low dose oral 
contraceptives suppress gonadotrophin secretion 
and reduce ovarian seeretion of androgen; they also 
reduce the adrenal production of steroids. In this 
patient an oral contraceptive successfully suppressed 
both testosterone and gonadotrophin concentrations. 

In conclusion, this case and a few previously 
reported show that isolated polycystic ovary syn- 
drome can be found in virilised premenarcheal girls. 
In such patients, however, an adrenal source of 
excess androgen or a virilising tumour of the ovary 
must be excluded. 
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Successful treatment of a harlequin fetus 
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SUMMARY We report the prolonged survival of a 
harlequin fetus who was treated with intensive 
supportive measures, emollients, and oral 
etretinate. 





The Harlequin fetus is the severest of the congenital 
ichthyoses and is usually considered to be fatal. 


Case report 


A baby girl, who weighed 2360 g, was delivered at 


38 weeks’ gestation after a normal pregnancy. There 
was no relevant family history. 

Her skin consisted of thick, yellow, leathery 
plaques separated by deep red cracks. There was 
ectropion of the eyelids and eclabion of the mouth. 
The ears were flattened and bound to the side of the 
head. The digits of the hands and feet were flexed 
and bound together by tight membranes. Examina- 
tion of a skin biopsy by light and electron micro- 
scopy showed changes consistent with the clinical 
diagnosis of a harlequin fetus. 

The baby was nursed in an humidified incubator 
and fluids were administered via an umbilical artery 
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catheter. Fluids were progressively increased to a 
maximum of 250 ml/kg per day in order to maintain 
a normal serum urea. A mixture of equal parts of 
white soft paraffin and liquid paraffin containing 1% 
salicylic acid was applied to the skin every three 
hours. She was bathed twice daily. Emulsifying 
ointment and antiseptic solution were added to the- 
water. i 

After 24 hours she became tachypnoeic and 
feverish. Arterial blood gases showed pH 7-45, 
PaCO, 3-01 kPa, PaO, 7-1 kPa, bicarbonate 15-7 
mmol/l, and base excess 7-1. The serum salicylate 
concentration was 586 mg/l. The salicylate contain- 
ing emulsion was discontinued and topical treatment 
was continued with simple white soft paraffin and 
liquid paraffin. 

On the third day oral etretinate, 1 mg three times 
daily, was commenced. Initially an unstable solution 
was prepared each day by the hospital pharmacy but 
later a dry diluent was obtained (Avicel 101, 
Honeywell and Stain Ltd, Wallington) enabling the 
production of a stable powder suitable for out- 
patient use. 

Her skin gradually softened and the hard yellow 
plaques separated, leaving a red scaly surface. 
beneath. The perioral skin became more mobile and 
by the fifth day she was able to breast feed. Tight 
bands of skin around the wrists and ankles res- 
ponded to topical 10% urea in liquid paraffin 
applied under an occlusive dressing. Plugs of keratin 
ir the external auditory canals cleared with Cerumol 
(LAB) ear drops. At two weeks of age the skin was 
greatly improved and she was able to maintain her 
body temperature in an open cot. She went home on 
day 23. Continuing treatment consisted of twice 
daily baths, topical paraffin emulsion, chloram- 
phenicol and hypromellose eye drops, and oral 
etretinate. 

As the skin improved the frequency of bathing 
and topical treatment was reduced. The dose of 
etretinate was halved at 10 months and discontinued 
a: one year. No abnormalities of liver function or 
renal function were detected during etretinate treat- 
ment. 

Weight gain was initially poor but subsequently 
improved, however at 21 months her weight and 
height were still below the third centile and the head 
circumference was on the fifth centile. Her develop- 
mental progress was within normal limits. The skin 
was dry, erythematous, and covered in large, thin 
scales. Ectropion and eclabion had resolved and the 
membranes binding the digits had disappeared. 


Discussion 


The appearance of the harlequin fetus is bizarre and 


may be abhorent to both parents and professionals. 
Paediatric textbooks offer an appalling prognosis 
with death occurring within a few days or weeks.! 
Paediatricians may therefore choose not to pursue 
active management. 

The skin is thick, inelastic, and permeable. Death 
is believed to result from excessive fluid loss, 
inability to feed because of eclabion, and respiratory 
embarrassment caused by limitation of chest move- 
ment.” In order to minimise evaporative water 
losses our patient was nursed in a humidified 
incubator and treated topically with paraffin 
emulsion. The addition of salicylic acid to the 
emulsion resulted in salicylate toxicity and had to be 
withdrawn. Despite these measures it was still 
necessary to provide large volumes of parenteral 
fluids to maintain normal urea and electrolyte 
values. 

Lawlor and Peiris first used etretinate to treat a 
harlequin fetus in 1985.? Etretinate is a synthetic 
retinoid derived from Vitamin A. Its mode of action 
is unknown but retinoids have been shown to 
control differentiation and proliferation of kera- 
tinising and non-keratinising epithelia. The main 
systemic side effects are teratogenicity and the 
development of exostoses with prolonged use.* 
Dose dependent changes in liver function tests 
(bilirubin, alkaline phosphatase, and transaminases) 
have been reported in adults. However, both our 
patient and that of Lawlor and Peiris had normal 
values. 

The long term outcome of the harlequin fetus is 
unknown, our case being only the second baby to 
have survived beyond the first birthday. Lawlor and 
Pieris published further details of their case when 
she was 10 months old. The skin was then dry, 
erythematous, and ichthyotic. Previously the longest 
surviving case had been that of Buxman et al who 
lived until 9 months when he suddenly died.® He had 
received emollients and supportive care only. 

The death of a harlequin fetus is not inevitable. 
Aggressive supportive care is probably the single 
most important part of management. Oral etretinate 
may be of additional benefit but current experience 
is very limited. 
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Effect of dystonic movements on oesophageal peristalsis in 


Sandifer’s syndrome 
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SUMMARY A 5 year old girl with gross gastro- 
oesophageal reflux had pronounced dystonic neck 
movements that resolved after fundoplication and 
resolution of the oesophagitis (Sandifer’s syndrome). 
Oesophageal manometry before operation showed 
that peristalsis improved when she tilted her head to 
one side. Dystonic posturing may promote acid 
clearance from the distal oesophagus. 





Case report 


A 5 year old girl was referred with a 12 week history 
of belching and vomiting, mainly after food. A 
barium swallow examination was reported to show 
the presence of a hiatus hernia. Her appetite had 
decreased appreciably, and she was thought to have 
lost weight. She vomited about three times a day; 
occasionally altered blood was present in the vomit. 
Her general health had been good, although she had 
an operation for squint, had had grommets inserted, 
and had a history of urinary tract infections. On 
physical examination she looked well though pale, 
and was on the 50th centile for both height and 
weight. The most striking feature was pronounced 
neck dystonia with repeated rotation of the neck and 
tilting of the head towards the left shoulder (fig 1), 
sometimes associated with bending the upper part of 
her body to the left. No other abnormalities were 
found on neurological examination, and the dystonic 
movements stopped when she was asleep. 


INVESTIGATIONS 

Her haemoglobin concentration was 91 g/l with a 
microcytic film, and the platelet count was raised at 
680 10°/1, suggesting chronic blood loss. Micro- 
scopy of her sputum showed fat laden macrophages 
consistent with recurrent aspiration, and 24 hour 


oesophageal pH monitoring confirmed severe 
gastro-oesophageal reflux, with a reflux index (per- 
centage of time the pH was less than 4 in the lower 
oesophagus) of 39% (normal <4%). A severe 
ulcerative oesophagitis of the lower half of the 
oesophagus was found at endoscopy and confirmed 
by histological examination of biopsy specimens. No 
hiatus hernia was seen. Oesophageal manometric 
recordings during 5 ml swallows of water showed 
low amplitude, slowly propagated, peristaltic waves 
in the middle and lower oesophagus (fig 2(a)) with a 
mean amplitude of 47 and 25 mm Hg, respectively. 
These increased to means of 74 and 52 mm Hg when 
the patient simulated her dystonic neck posture (fig 
2(b)). The mean speed of propagation of peristaltic 
swallows was 2-5 cm/s with the head in the midline, 
and 4-0 cm/s while the head was rotated and tilted 
towards the left shoulder. 


PROGRESS 

She was started on sucralfate 500 mg, cisapride 
3 mg, and ranitidine 15 mg, all taken four times a 
day. Over the next six weeks, however, she continued 
to vomit and make dystonic neck movements. 
Repeat endoscopy showed that the severe ulcerative 
oesophagitis was unchanged, and a Nissen fundo- 
plication was therefore carried out. Three months 
after operation all her symptoms—including the 
abnormal posturing—had completely resolved. 
Further oesophageal manometry was considered 
ethically unjustifiable. 


Discussion 


The association between abnormal movements and 
gastro-oesophageal reflux with hiatus hernia was 
first recognised by Sandifer,’ and the association of 
abnormal posturing and oesophagitis without hiatus 
hernia has also been described.” Characteristic 
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Fig 1 Dystonic neck movements associated with severe gastro-oesophageal reflux. 


movements include extension and rotation of the 
reck. Some children allow their heads to hang in 
extension over the edge of the bed while lying 
supine. Dystonia does not occur during sleep, and 
once the gastro-oesophageal reflux has been treated 
effectively (either medically’ or surgically') the 
abnormal movements cease. Children may initially 
be referred to one of a number of different 
specialists, including ophthalmologists,* neurol- 
ogists,' > or psychiatrists,” and underlying gastro- 
oesophageal reflux should be considered in all 
patients who present with dystonic neck movements 
and abnormal posturing. Most children with gastro- 
oesophageal reflux. however, do not develop 
abnormal posture’ and the connection between 
reflux and dystonia has been a matter for speculation. 
It has been suggested that the movements in some 


way bring about symptomatic relief but the precise 
mechanism has not been elucidated.’ * 

As far as we are aware, manometric studies have 
not previously been reported in a case of Sandifer’s 
syndrome. In our patient the low amplitude and 
slow propagation of oesophageal peristalsis may 
have‘reflected a primary motility defect or been 
secondary to the oesophagitis.° We were able to 
show that the dystonic posturing produced an 
increase in the velocity and amplitude of the 
peristaltic waves in the oesophagus, and we postu- 
late that this would promote the clearance of acid 
from the lower oesophagus and thereby relieve the 
symptoms. We have not been able to reproduce 
these findings in three normal adult controls or in 
two children with oesophageal reflux but no 
dystonia, and the association between posture and 
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Simultaneous recordings from three sites in the oesophagus using a 

perfused manometry catheter 

Fig2 Three channel oesophageal manometry showing an 
increase in amplitude and velocity of peristalsis when head 
rotated and tilted towards the left shoulder. (a) Shows two 
representative swallows with 5 ml boluses while head in the 
midline. Peristaltic waves are broad based and of low 
amplitude. (b) Shows two representative swallows with 

5 ml boluses while head rotated to the left. Amplitude of 
peristaltic waves is increased especially in middle channel. 
Distances y and y’ are less than x and x' showing that 
peristaltic waves are travelling more rapidly in mid to lower 
oesophagus. 
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SUMMARY Children with diabetes mellitus are not 
significantly heavier than their peers, and those who 
are obese do not have poorer diabetic control. 





Adults with insulin dependent diabetes are often 
obese, and this may adversely affect their diabetic 
control, resulting in complications.! We are un- 
aware of any publication on the incidence of obesity 
in childhood diabetes or of its effect on diabetic 
control. In this study we report the incidence of 
obesity in children attending our diabetic clinic, and 
relate this to their diabetic control. 


Patients and methods 


One hundred and six children (58 boys and 48 girls) 
attending the diabetic clinic at the Bristol Children’s 


oesophageal motility remains unclear. Manometric 
studies in future patients may help to explain the 
abnormal movements seen in this rare and intriguing 
disorder. 
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Hospital who had had diabetes for more than one 
year were studied over the 12 month period. Their 
mean age during the study period was 14-9 years 
(range 5-22), and their mean age at diagnosis was 
8-3 years (range 1-3-15-9). The mean duration -of 
their diabetes was 6-4 years (range 1-16-6). All the 
children were receiving quick and intermediate 
acting insulins twice daily, with the exception of 
three patients who used an insulin pump. 

They were seen at intervals of three months, when 
their height and weight (measured with a Harpenden 
stadiometer) were recorded. Skinfold thickness 
(triceps and subscapular) was measured using 
a Harpenden skinfold caliper, and puberty was 
assessed clinically by the method of Tanner and 
Whitehouse.” Each child’s height, weight, and skin- 
fold thickness was then taken as the average over 
visits during the year of investigation. 

The children were regarded as overweight when 
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Figure Weights in diabetic girls and boys. 


their absolute weight was more than 20% above the 
median for their age and sex (Tanner charts), or 
their relative standard weight percentile (actual 
weight/standard weightx100) was greater than 
120%, or their skinfold thickness, both triceps and 
subscapular, was above the 70th centile (Tanner 
charts). 

Glycated haemoglobin (HbA,,) was measured at 
each visit by electroendosomosis. The mean annual 
HbA,, value was calculated and diabetic control 
graded as good when the mean HbA,, value was 
10-5% or less, and poor when the mean HbA,,.was 
over 10-5%. 
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Statistical analysis comparing various indices of 
body fat with the quality of control (HbA,,) was by 
the Mann-Whitney U test and probabilities of less 
than 0-05 were considered to be significant. 


Results 


The scatter of children’s weights (figure), skinfold 
thickness, and relative standard weight percentiles 
were no different from those given in the Tanner 
charts. The mean annual HbA,, concentration was 
11-6% (range 7:2-17-2) (boys 11-4%, girls 11-9%). 
Thirty seven children (35%) had a mean annual 


Table Characteristics of good and poor diabetic control in 106 diabetic children 





Good control 


Poor control 95% Confidence interval 














(HbA, <10-5%) (HbA,.>10-5%) 

Mean age at diagnosis (years) 8-5 8-3 

Median absolute weight (kg) 53-1 50-0 —7-63 to 7-34 
Mean duration (years) 6-1 6-6 

Median triceps skinfold (mm) 13-6 12-0 —3-0 to 1-6 
Median subscapular skinfold (mm) 8-0 8-0 —1-0 to 2-0 
Relative standard weight (%) 97-3 95-6 —7-30 to 5-20 
Insulin dosage (U/kg/day) 0-9 0-9 


cS a a eee 


There were no significant differences between the groups. 


HbA,, concentration of 10-5% or less and 69 
children (65%) had a mean annual HbA,, concen- 
tration of more than 10-5%. 

There were no significant differences in the 
median HbA; among those children whose 
absolute weight was more than 20% above the mean 
(median HbA, 11-9%), those whose relative weight 
was more than 120% (median HbA,, 11-:1%), or 
those whose skinfold thickness was more than 70% 
(HbA,, 11-5%) when compared with their peers 
(median HbA,, concentrations 11-6%, 11-6%, and 
11-7%, respectively). The 95% confidence interval 
of the difference in medians was —1-20% to 1-15% 
for absolute weight, —1:7% to 1-2% for relative 
weight, and —1-2% to 1-0% for skinfold thickness. 
Conversely, no significant differences were found 
between those with good as opposed to poor control 
and the various indices of obesity (table). 


Discussion 


Any definition of obesity is arbitrary_as the distribu- 
tion of weight in the general population does not 
segregate into distinct populations of obese and non- 
obese. Furthermore, methods for evaluating fatness 
cannot be compared directly and thus it is not easy 
to derive acceptable criteria for the diagnosis.* 
Direct methods for the measurement of body fat are 
generally invasive, but it can be measured indirectly 
by estimating skinfold thickness, and it is this pain 
free and non-invasive method that is generally used 
in children, 

We are unaware of any publications on the inci- 
dence of obesity in childhood diabetes, or on its 
effect on diabetic control. Many paediatricians 
believe, however, that children with diabetes are 
often overweight and that this may have a deleter- 
ious effect on their diabetic control. We have found 
the scatter of the children’s weights to be no dif- 
ferent from those of the standard national weight 
charts, and only 9% of children had weights in 
excess of 120% of relative weight compared with a 
mean relative weight of 117% in adults with insulin 
dependent diabetes.* 
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Obesity affecting mainly the upper half of the 
body correlates with increased atherogenic and 
diabetogenic mortality and should be considered 
more seriously than obesity that predominantly 
affects the hips and lower limbs." In this study 20% 
of the children had excess fat affecting the upper 
half of the body. We found no evidence, however, 
of poorer diabetic control among them, and no 
correlation between skinfold thickness and HbA,, 
concentration. 

Obesity leads to insulin resistance, but we have no 
evidence to suggest that this is the case in the obese 
children as their mean insulin dosage—U/kg body 
weight—and their mean HbA,,% were similar to 
those among non-obese diabetic children. ~ 

Our diabetic population is not obese and this may 
reflect the high fibre, low. fat diet prescribed in our 
clinic. As work in adults has confirmed an associa- 
tion between obesity, poor diabetic control, and 
diabetic complications, it is important to emphasise 
the prevention of excessive weight gain. 


We are grateful to Dr AO Hughes for statistical advice. 
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SUMMARY Parenteral feeding solutions currently 
used for preterm infants are contaminated with 
aluminium. We report the case of an infant who was 
fed parenterally for 45 days, who died aged 3 
months, and who had a considerably increased 
concentration of aluminium in his brain tissue at 
necropsy. 


Aluminium toxicity occurs in patients with renal 
failure who require haemodialysis! or who receive 
aluminium hydroxide as a phosphate binding agent.” 
It presents as anaemia, poor bone mineralisation 
and encephalopathy (‘dialysis dementia’). Preterm 
infants receiving parenteral nutrition are at risk of 
toxicity because of reduced renal function, and 
reported high levels of contamination of their 
parenteral feeding solutions. 

We describe the case of a preterm infant who 
received parenteral nutrition for 45 days, and who 
had repeated unexplained convulsions. 


Case report 


The baby boy was born at 24 weeks’ gestation, 
weighing 630 g. Intermittent positive pressure 
ventilation was started at the age of 6 hours, initially 
for respiratory distress and subsequently for apnoea 
during episodes of sepsis. Bilateral intraventricular 
haemorrhages with right sided periventricular leuco- 
malacia were diagnosed by ultrasound scan on 
day 7. 

Parenteral nutrition was given from days 1 to 25 
and days 47 to 68 because of respiratory distress, 
sepsis, and intolerance of enteral feeds. The 
solutions used were Vamin 9 glucose with mineral, 
trace element, and water soluble vitamin additives, 
and Intralipid 10% with fat soluble vitamins. 

Convulsions first occurred on day 10. Full investi- 
gations to diagnose metabolic abnormalities and the 
presence of sepsis were carried out, including 
lumbar puncture, which showed an excess of leuco- 
cytes in the cerebrospinal fluid. Benzylpenicillin and 
chloramphenicol were given for 10 days, although 


no organism was cultured. Phenobarbitone was 
given until day 37 when because there had been no 
further convulsions it was reduced, and then dis- 
continued. 

Convulsions recurred on day 69. No evidence of 
sepsis or metabolic disturbance was found. Ultra- 
sound scanning showed moderate bilateral ventri- 
cular dilation, more obvious on the right side, but no 
other structural abnormality. Phenobarbitone was 
recommenced, and a 24 hour electroencephalogram 
one week later showed no abnormal activity. The 
anticonvulsant treatment was reduced, and dis- 
continued on day 86. 

The absence of a convincing explanation for the 
convulsions (other than structural damage from 
intraventricular haemorrhages and periventricular 
leucomalacia) led us to consider the possibility of 
aluminium toxicity as a result of parenteral feeding. 
Before investigations could be instituted, however, 
the infant had further convulsions; again, no cause 
was found. The infant died two days later aged 93 
days. 

At necropsy samples of temporoparietal grey 
matter were taken for analysis for the presence of 
aluminium. The avoidance of contamination is of 
paramount importance in aluminium estimations,‘ 
and attention was paid to avoiding potential 
hazards; the pathologist removed glove dust by 
careful washing before handling samples, specimens 
were taken by sectioning with an unused scalpel, 
and placed immediately in plastic containers. No 
processing of samples was done, other than freezing; 
they were thawed immediately before being digested 
by nitric acid. Analysis was by direct injection 
into a Perkin Elmer Zeeman 3030 atomic absorption 
spectrophotometer. 

Samples of temporoparietal grey matter from 12 
infants who had died suddenly and unexpectedly in 
the first year of life were analysed for comparison. 
The aluminium contents of parenteral nutrition 
solutions have been previously published.? 
Aluminium intake was calculated as the mean 
aluminium content of each component solution 
multiplied by the volume given for each day during 
periods of parenteral feeding. 
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RESULTS OF ANALYSIS 
The average aluminium intake was 14 pg/day. Total 
intake of aluminium from intravenous feeding 
solutions was 645 ug. Additional aluminium may 
have been given with intravenous drugs and plasma, 
and with oral feeds. 

The aluminium content of the subject’s grey 
matter was 40-1 ug/g wet weight of tissue; the mean 
(SD) value for 12 infants dying unexpectedly within 
the first year of life was 2-4 (1-6) ug/g wet weight of 
tissue. The fat content of the brain doubles during 
the first year of life; this would not however, 
account for the 20 fold difference in brain aluminium 
concentrations observed. In addition, aluminium 
accumulates specifically in cortical grey matter, the 
fat content of which is less likely to vary with age. 


Discussion 


The preterm infant studied here had a brain alu- 
minium content of 40 ug/g wet weight of tissue. In 
‘dialysis dementia’, corresponding cortical alu- 
minium concentrations are reported to be 20-30 
ug/g in adults,’ and even lower in infants.” * 
Toxicity is not proved by the finding of a high 
brain aluminium content. Nevertheless, with a 
history of unexplained convulsions and prolonged 
intravenous feeding, there is a strong possibility that 
high aluminium intake was at least a large contri- 
. butory factor. 
Parenterally administered aluminium is poorly 
excreted by preterm infants, who retain up to 80% 


Gowers’ sign revisited 
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of an intravenous load. Calcium gluconate, 
potassium acid phosphate, and the trace element 
solution (Ped-El) together accounted for 90% of the 
contamination. The substitution of calcium chloride 
for calcium gluconate reduces delivery of aluminium 
by 70% from an average intake of 30 yg/kg/day 
when on full intravenous feeding at 150 ml/kg/day to 
8 ug/kg/day. The lower value of 14 ug/kg/day for the 
index case was due to partial enteral feeding. 

The signs of aluminium toxicity, which include 
encephalopathy, anaemia, and poor bone mineral- 
isation, are common complications of many diseases 
in sick premature babies. Nevertheless, we suggest 
that when conventional therapeutic manoeuvres 
fail, aluminium toxicity should be considered. 
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suMMaRY We studied the patterns of standing in 
children with neuromuscular disorders and central 
hypotonia for Gowers’ sign, and compared these 
two groups with healthy controls. More children 
with central hypotonia than controls rolled prone 
before standing at 36 months; at this age all children 
with neuromuscular disorders rolled prone. Neuro- 
logical assessment is indicated in children continuing 
to roll prone before standing at 3 years. 





In 1879 Gowers first described the pattern of 
standing in 21 boys with pseudohypertrophic muscu- 
lar paralysis in a clinical lecture to the students of 


University College.! He initially thought this pat- 
tern of standing was pathognomonic for children 
with this condition as it was present in all his 
ambulatory cases. It has subsequently been shown 
to be present in other children with proximal muscle 
weakness. 

Dr Gowers’ eloquent description of the pattern of 
standing, which now bears his name, emphasised 
two important features (figure): (i) the children 
adopting a prone position on all fours before 
attempting to stand and (ii) the children ‘walking up 
their legs’. It is the second feature that is often 
quoted in textbooks and remembered by physicians 
as Gowers’ sign. 

The Muscular Dystrophy Group report that the 
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Figure Gowers’ sign. Reproduced with kind permission of 
the publishers from WR Gowers. Clinical lecture on 
psuedohypertrophic muscular paralysis. Lancet, 1879.! 


mean age for diagnosis of boys with Duchenne 
muscular dystrophy is 5-2 years whereas parents first 
present their children to doctors at a mean age 2-7 
years. 

We believe the mean delay in diagnosis of 2-5 
years is largely due to doctors failing to recognise 
the salient feature of Gowers’ sign—that is, the child 
adopting a prone position before standing. It is only 


when proximal leg weakness becomes most pro- 
nounced that children ‘walk up their legs’. 

The adoption of a prone position before standing 
can also be seen as a normal developmental phase in 
toddlers. This study defines the age at which 
children cease to turn prone while rising to a 
standing position and then examines the pattern of 
standing in children known to have neuromuscular 
disorders or central hypotonia. 


Patients and methods 


The study group consisted of 23 children aged 27-90 
months (mean 58 months) with neuromuscular 
disorders and 26 children aged 16-69 months (mean 
37 months) with central hypotonia. These children 
were consecutive new referrals seen by GBW at 
paediatric neurology and neuromuscular clinics at 
the Royal Manchester and Booth Hall Children’s 
Hospitals. 

The children with central hypotonia had no 
evidence of a neuromuscular disorder on clinical, 
neurophysiological, and in some cases, histopatho- 
logical grounds. Controls consisted of 175 healthy 
children aged 13-60 months (mean 31-5 months) 
examined at district community child health centres. 

The pattern of standing was defined by asking 
each child to lie supine and then to stand as quickly 
as they could on three seperate occasions. Results 
were analysed according to whether the child 
adopted a prone position on two of those occasions 
at any time during standing. Frequencies between 
groups were compared using x? analysis or Fisher’s 
exact test where appropriate. 


Results 


Eighteen of 95 controls (19%) adopted a prone 
position as they stood at age 30 months or more; by 
36 months only four of 63 (6-5%) rolled prone. 
Significantly more children with central hypotonia 
rolled prone, 15 of 20 (75%) at 30 months (p<0-001) 
and eight of 13 (61%) at 36 months (p<0-001). At 


Table Pattern of standing in children >36 months. 
Results are No (%) 








Controls Neuromuscular 
(n=59) disorder or central 
hypotonia 
(n=34) 
Rolls prone: 
Yes 4 (7) 29 (85) 
No 55 (93) 5 (15) 





7=66, p=<0-001. 


no age did the group with neuromuscular disorders 
stop rolling prone when attempting to stand. 

When the combined groups with neuromuscular 
disorders and central hypotonia were compared with 
controls the age of 36 months was significantly 
discriminating in distinguishing normal children 
from those with underlying neurological abnormality 
(table). 


Discussion 
Our study emphasises the salient features of Gowers’ 


sign and its importance in identifying children with 
neuromuscular disorders and central hypotonia. It is 
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easily performed and can readily be incorporated 
into screening examinations of children. : 

We suggest that if children continue to roll prone 
when attempting to stand at 30 months special 
attention should be paid to them. If they continue to 
roll prone at 3 years of age a full neurological 
assessment is warranted. 
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Controversy 


Diagnosis of coeliac disease: time:for a change? 
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Diagnosing coeliac disease is not easy. Current 
recommendations stem from a 1970 statement of the 
European Society for Paediatric Gastroenterology 
and Nutrition (ESPGAN)! and call for: histological 
evidence of the lesion; evidence of its disappearance 
after an adequate period on a gluten free diet; and 
evidence of its recurrence after the reintroduction of 
gluten into the diet. Such a procedure, which seems 
to be widely accepted in Europe," is probably 
optimal for a firm diagnosis, but has several 
drawbacks, particularly in the light of new develop-- 
ments that have since taken place. Firstly, the time 
required for the final’ diagnosis is unduly long 
(three years on average); secondly, it does not take 
into account the variability in clinical expression of 
the disease; thirdly, it does not take into account the 
fact that after the age of 2 years it is highly unusual 
for subtotal villous atrophy to be caused by diseases 
other than coeliac disease*; and, fourthly, it means 
re-exposing a child to the offending agent in order to 
reproduce the mucosal damage. Furthermore, even 
this challenge (which is now known to be potentially 
harmful to the child’s growing potential’ +) might be 
inconclusive, as evidence is now mounting that 
relapse may take longer than two years.” > © 

It is therefore not surprising that several workers 
have started to adopt a somewhat more flexible 
attitude to the diagnosis that takes into account 
some 
new laboratory investigations (particularly the 
presence of antigliadin antibodies) and improved 
knowledge of the clinical range of the disease that 
has been acquired since the diagnostic protocol was 
introduced almost 20 years ago. 

For these reasons, the Italian Working Group for 
Paediatric Gastroenterology (which was formed in 
1976 and has 250 members) undertook an evaluation 
of the current approach to the diagnosis of coeliac 
disease in Italy to verify whether a simplified, more 


flexible approach was possible. The following points 
were retrospectively assessed, in a total of 3138 
patients with coeliac disease from 33 different 
centres: (i) the importance of human leucocyte 
antigen (HLA) typing and the presence of antigliadin 
antibodies; (ii) the need for repeated intestinal 
biopsy in so called ‘atypical’ cases or in cases 
presenting in older children; (iii) the predictive 
value of the presence of ‘flat mucosa’ in a child with 
clinical or laboratory evidence, or both, suggesting 
coeliac disease; and (iv) the feasibility and evaluation 
of gluten challenge. 

The collected data were analysed and presented 
by invited experts in a two day meeting in Trieste in 
May 1987. During the meeting each point was 
discussed and a final consensus was reached, in a 
session chaired by A Rubino. The most important 
points are summarised below. 


Importance of HLA typing 


A total of 324 patients, all of whom were diagnosed 
according to the strict criteria of the ESPGAN 
protocol, have had HLA typing carried out (table 1). 
HLA class II types are found more often in patients 
with coeliac disease which confirms work from the 
rest of Europe.’ !° The predictive value of these is 
limited, however, as such antigens may also be 
found in healthy controls, and they are not always 
present in patients. In our series, 7-7% of patients 
with coeliac disease did not have either HLA-DR3 or 
HLA-DR7. If HLA-DQ2 is also considered, this 
figure decreases to 5%. It should be noted, however, 
that even the patients with coeliac disease who did 
not have HLA-DQ2 or HLA-DR3 and HLA-DR7, 
or both, have so far all had HLA-DR4 isolated from 
their plasma. 

From the point of view of the diagnosis, therefore 
we can conclude that the finding of one of these 
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Table 1 Association between HLA type and coeliac disease 
Country HLA-DR3 Relative HLA-DR7 Relative HLA-DR3 Relative 
(No of cases) (%) risk (%) risk and risk 

DR3-DR7 

(%) 
Ireland’ (92) 86 9-2 25 0-7 21 4-3 
Germany” (42) 64 7 48 2-7 26 75 
France? (22) 63-7 6-6 54-5 4-5 — — 
Spain?’ (163) 71-2 11-5 61-4 2-6 38 11-5 
Italy (324) 61 6-3 53-7 3-4 22-5 10-5 


antigens, although consistent with the diagnosis of 
coeliac disease, can not be assumed to prove it. On 
the contrary if no such antigens are found, this is of 
great diagnostic importance, because it implies that 
coeliac disease can confidently be ruled out. 


Importance of antigliadin antibodies 


One of the most important discoveries in the last few 
years has been the method for detection of serum 
antigliadin antibodies in patients with coeliac disease. 
Although the method is not yet standardised, and its 
discriminating capabilities are not yet confirmed, it 
looks as if it will be a useful diagnostic tool. To 
calculate their importance and define their diag- 
nostic role, data on serum antigliadin antibodies 
detected in the various phases of the diagnostic 
procedure laid down in the ESPGAN protocol were 
analysed. The collected data (table 2) refer to 
children who were in phase I (359 cases of florid 
disease, while on a gluten-containing diet), in phase II 
(452 cases in clinical remission while on a gluten free 
diet), in phase III (286 patients being challenged 
with a diet containing gluten), 880 controls who were 
age matched patients with various gastrointestinal 
disorders not accompanied by flat mucosa, and 496 
healthy children. 

The sensitivity of IgG antigliadin antibodies 








comes close to 100% in patients in phase I; on the 
other hand, IgG antigliadin antibodies are detected 
in a comparatively high percentage (21-7%) of 
patients with other gastrointestinal disorders. For 
IgA antigliadin antibodies they show a somewhat 
lower sensitivity (90-5%), but a better specificity, 
being present in only 3% of patients who do not 
have coeliac disease. It should not be forgotten that 
the incidence of IgA deficient subjects (which 
obviously reduce the number of subjects with IgA 
antigliadin antibodies) is about 2-3% in patients 
with coeliac disease—that is, much higher than in 
the general population. 

Finally, the specificity of antigliadin antibodies 
when tested against healthy controls is high. We 
believe that these conclusions are true, despite the 
fact that the methods used differed among the 
centres (enzyme linked immunosorbent assay 
(ELISA) in most, immunofluorescence in a few). 
Our conclusion is based on the large sample size, 
and the consistency of the results compared with 
most other reported series. "="? 

Another test widely used for the diagnosis of 
coeliac disease is the one hour blood p-xylose 
absorption test. When considered alone in our 
patients, this test agreed with the jejunal histology 
in 70%. When the xylose test was used in combination 
with estimation of antigliadin antibodies, however, 


Table 2 Antigliadin antibodies in patients with coeliac disease and in controls 








Diagnostic phase Total No (%) No (%) with No (%) with 
No of patients with antigliadin IgA antigliadin IgG antigliadin 
antibodies antibodies antibodies 
Patients with coeliac disease: 
I 359 353 (98-3) 325 (90-5) 351 (98-0) 
II 452 185 (40-9) 53 (11-7) 181 (40-0) 
Ill 286 269 (94-0) 236 (82-5) 262 (91-6) 
Patients with other 
gastrointestinal disease 880 197 (22-3) 27 (3-0) 191 (21-7) 
Healthy controls 496 17 (3-4) 3 (0-6) 14 (2-8) 
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the agreement of both tests with the histological 
picture was 98% in a series of 48 recently diagnosed 
patients. 

In summary, the diagnostic accuracy of estimating 
antigliadin antibodies is quite high: almost no 
patients with florid coeliac disease lack IgG anti- 
gliadin antibodies, and few patients who have IgA 
antigliadin antibodies do not have coeliac disease. 
Furthermore, when they are used together and are 
both positive, serum antigliadin antibodies and blood 
xylose testing seem to be consistent with the jejunal 
morphology of the patient with coeliac disease. 


Cases that are ‘atypical’ or present in older children, 
or both 


Data regarding age and mode of onset were 
obtained from 1126 patients with coeliac disease. 
Ninety four (8-4%) were labelled ‘atypical’, as they 
did not present with diarrhoea. Their mean age at 
onset of symptoms was 2-9 years (significantly 
higher than in typical cases). Characteristically they 
commonly presented with iron deficiency anaemia, 
failure to grow and put on weight, anorexia, 
vomiting (often specifically related to gluten- 
containing meals), and constipation. In a further 
group of 44 patients (3-9%), the symptoms began 
after the age of 2 years (late onset coeliac disease), 
at a mean age of 6-2 years. Again, among other 
symptoms, half these older children presented with 
short stature. 

Considering the time elapsing between onset of 
symptoms and first biopsy (on average 3-8 years in 
the series of 94 ‘atypical’ patients, 3-6 in the 44 late 
onset patients), it is evident that the mean age is 
much higher—6-7 years for the former group of 
patients with coeliac disease, 9-8 for the latter. At 
these ages, and in our geographical area, there is 
practically no differential diagnosis for subtotal 
villous atrophy responding to gluten withdrawal. A 
particular subgroup of ‘atypical’ patients with coeliac 
disease comprises those affected by dermatitis 
herpetiformis (Duhring’s disease). They can be 
diagnosed with full confidence from a skin biopsy 
sdecimén by an experienced dermatologist,'* thus 
obviating the need for intestinal biopsy. 


Diagnostic importance of the initial finding of subtotal 
villous atrophy in a child suspected of having coeliac 
disease 


From the clinical records from 30 centres, we found 
that 3293 children underwent intestinal biopsy for 
suspected coeliac disease, and were found to have 
crypt hyperplastic subtotal villous atrophy. Among 
them, 3138 (95%) were eventually diagnosed as 


having coeliac disease after completing the full 
diagnostic procedure. It should be emphasised that 
2400 of them strictly followed the diagnostic phases 
of the ESPGAN protocol; the remaining 738 
patients were diagnosed as having coeliac disease by 
‘simplified’ diagnostic schemes, most of them omit- 
ting the second biopsy (table 3). Interestingly, the 
percentage of patients eventually diagnosed as 
having coeliac disease was no different among those 
who followed the ESPGAN protocol (95%) and 
those who did not (95-8%), suggesting an over- 
lapping diagnostic accuracy between the rigid 
protocol and the more flexible attitude. 

Focusing on the 155 patients (4-7%) in whom the 
diagnosis of coeliac disease was unconfirmed at the 
end of the diagnostic procedure, the following 
observations can be made: (i) the most common 
single diagnosis was cows’ milk sensitive entero- 
pathy (n=32, 20-6%), followed by transient gluten 
intolerance (n=24, 15-5%); (ii) the mean age of the 
patients at the time of first biopsy was 8 months, 
further highlighting the fact that the differential 
diagnosis of coeliac disease is essentially a problem 
of infancy; (iii) the data refer to patients that were, 
in most cases, seen at a time when estimation of 
antigliadin antibodies was not possible. It is there- 
fore likely that that estimation could have improved 
the diagnostic value of the first biopsy. 

These observations indicate that when facing a 
child whose history is consistent with coeliac disease 
and whose first biopsy specimen shows an unequi- 
vocal crypt hyperplastic subtotal villous atrophy, in 
our geographical area one has at least a 95% chance 
that one is dealing with coeliac disease: a diagnostic 
accuracy not too frequently found in paediatric 
practice. Furthermore, it is clear that adding the 
diagnostic weight of estimation of HLA and anti- 


Table3 Association between ‘flat mucosa’ at first biopsy 
and eventual diagnosis of coeliac disease 








No % 
All patients: 
Patients suspected of having coeliac disease 
with a ‘flat mucosa’ 3293 100 
Eventual diagnosis of coeliac disease 3138 95-3 
Other diagnoses 155 4-7 


Diagnosis by strict adherence to ESPGAN protocol: 
Patients suspected of having coeliac disease 


with a ‘flat mucosa’ 2523 100 
Eventual diagnosis of coeliac disease 2400 95-1 
Other diagnoses 123 4-9 

Diagnosis by other ‘simplified’ procedures: 
Patients suspected of having coeliac disease 

with a ‘flat mucosa’ 770 100 
Eventual diagnosis of coeliac disease 738 95-8 
Other diagnoses 32 4-2 
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gliadin antibodies will further increase that per- 
centage, particularly by omitting false positive 
diagnoses. 


Methods of gluten withdrawal and reintroduction: 
clinical and diagnostic implications 


Table 4 shows the data concerning age at diagnosis 
and duration of the diagnostic phases in 361 patients 
with coeliac disease; these are the 15 most recently 
diagnosed patients from each centre. The mean age 
of diagnosis (3-2 years) seems somewhat higher than 
in the past, in accordance with the present trend of 
the disease as reported by others. Mean duration 
of the gluten free diet seems quite long, even longer 
than that recommended by the ESPGAN protocol, 
thus increasing the likelihood of poor compliance to 
the diet and delaying the time to conclusive diag- 
nosis. Most important, however, is the duration of 
challenge (seven months), which seems too long. In 
most patients the mucosal relapse occurs within 
three months,’° 1 although individual variations in 
the speed of mucosal relapses are well recognised, 
and in the occasional patient a particularly long 
time may elapse." 

In any case, prolonging the duration of the 
challenge in the patients with coeliac disease does 
not seem to be of any benefit: the histological, 
clinical, and biochemical data from 195 patients with 
coeliac disease show that the bulk of laboratory 
results (excluding estimation of antigliadin anti- 
bodies) and the clinical response do not correlate 
with histological signs of relapse. Only in 48-8% of 
our cases did such a correlation exist, similar to what 
has previously been reported by others.° +6 17 Thus 
prolonging gluten challenge does not help in pro- 
viding clear cut evidence on which to decide the time 
for biopsy and in addition has harmful effects on the 
child’s weight and growth. Recent evidence, on the 
other hand, indicates that antigliadin antibodies 
rise within a few weeks of the reintroduction of 
gluten.'® Thus by monitoring the rise in antigliadin 
antibodies, most challenges may be stopped after 
60 days.18 

If we consider that 95% of the patients are already 
correctly diagnosed after the first biopsy, and that 


Table 4 Age and diagnostic phases of coeliac disease in 
361 selected patients 





No of Mean (range) 
pesients 
Age at diagnosis (years) 361 3-2 (0-4-26) 
Duration of gluten free diet (months) 322 17-7 (3-78) 
Age at challenge (years) 320 5-1 (1-5~25-2) 
Duration of challenge (months) 319 7-0 (0-2-71) 
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this figure may only increase by the use of estima- 
tions of antigliadin antibodies, to link the final 
diagnosis to the outcome of the challenge might 
actually result in underdiagnosis of the disease. On 
one hand, the support offered by clinical and 
laboratory data is poor, and on the other hand, it is 
well known that a number of patients do develop the 
mucosal lesion late. Finally, it must not be 
forgotten that a prolonged challenge, particularly 
during periods of increased growth (infancy and 
adolescence), may interfere with linear growth.? 4 
The bulk of this evidence would then suggest that a 
gluten challenge is not necessary for diagnosis and 
may actually prove to be harmful. 


Conclusions 


After having carefully evaluated and thoroughly 
discussed all the evidence that has been outlined 
briefly above, the Working Group for Gastro- 
enterology came to the following conclusions: (1) in 
many instances of suspected coeliac disease (and in 
our geographical area) the diagnostic approach may 
differ from that recommended in the ESPGAN 
protocol. It must be firmly stated, however, that at 
present no diagnosis of coeliac disease can be made 
without the characteristic histological picture of the 
duodenal-jejunal mucosa. (2) In cases presenting 
with a history and clinical picture suggestive of 
coeliac disease, laboratory data (including antigliadin 
antibodies) consistent with coeliac disease, a clear 
histological picture of a crypt hyperplastic subtotal 
villous atrophy, an obvious clinical and laboratory 
response to the gluten free diet, and as long as the 
diagnosis of cows’ milk sensitive enteropathy can be 
ruled out, the definitive diagnosis of coeliac disease 
can be made. On this basis, gluten must be 
permanently excluded from the diet, and regular 
follow up should be instituted. 

Whenever the diagnosis is uncertain on the basis 
of history or clinical or laboratory evidence, or both, 
or the appearance of the mucosa at initial biopsy 
is considered doubtful, strict adherence to the 
ESPGAN protocol is recommended (including gluten 
challenge to be carried out at an early age), with the 
possible exception that the second biopsy may be 
omitted, provided that all pertinent data (including 
estimation of antigliadin antibodies) are in agree- 
ment. 

Spontaneous gluten reintroduction is to be avoided 
by all costs. Whenever, in order to prevent it, or in 
accordance with family pressure, it is decided to 
perform a medically supervised gluten challenge, it 
is recommended that such a challenge should not be 
done during the pubertal spurt of infantile growth 
and that the diet containing gluten is maintained for 
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no longer than three months in the first instance. 
Evaluation of relapse may, but does not necessarily 
have to, be confirmed histologically; such confirma- 
tion may not be needed when clinical and laboratory 
evidence (including a rise in antigliadin antibodies 
titre) is clear. 

These considerations and recommendations are 
reported as a matter for further discussion and in the 
hope that they will stimulate comments and criticism 
from all paediatricians who take part in investigation 
or clinical management, or both, of young patients 
w-th coeliac disease. 


Tke data summarised here were collected at the following centres: 
Clinica Pediatrica dell’Universita’, Ancona; Istituto di Pediatria 
Chnica e Sociale, Universita’ di Bari; Divisione di Pediatria, 
Ospedale Maggiore ‘GA Pizzardi’ Bologna; Istituto Clinica e 
Biologia Eta’ Evolutiva dell’Universita’ Cagliari; Clinica Pediatrica 
deil’Universita’ di Catania; Clinica Pediatrica Ia dell’Universita’; 
Istituto G. Gaslini, Genova; Divisione Pediatrica, Ospedale 
Generale, Mantova; Clinica Pediatrica Ila dell’Universita’ di 
Messina; Clinica Pediatrica Ia, Universita’ di Milano; Clinica 
Pediatrica Ila, Universita’ di Milano; Clinica Pediatrica IIIa, 
Universita’ di Milano; Clinica Pediatrica [Va—Ospedale ‘L Sacco’, 
Mano; Clinica Pediatrica Ia dell’Universita’ di Modena; Divisione 
Pediatrica, Ospedale G Salesi, Ancona; Divisione Pediatrica, 
Ospedale deg] Esposti, Bologna; Divisione Pediatrica, Ospedale 
Bufalini, Cesena; Divisione Pediatrica, Ospedale S Michele, 
Cegliari; Divisione Pediatrica, Ospedale S Carlo, Milano; Diparti- 
mento di Pediatria dell’Universita’ di Napoli; Divisione Pediatrica, 
Ospedale SS Annunziata, Napoli; Clinica Pediatrica, Universita’ di 
Padova; Divisione Pediatrica, Ospedale dei Bambini, ‘G Di 
Cristina’, Palermo; Clinica Pediatrica dell’Universita’ di Parma; 
Chnica Pediatrica dell’Universita’ di Pavia; Clinica Pediatrica I, 
Universita’ La Sapienza, Roma; Clinica Pediatria HI, Universita’ la 
Sapienza, Roma; Clinica Pediatrica dell’Universita’, Torino; 
Clinica Pediatrica dell’Universita’, Trieste; Servizio Pediatrico 
Speciale, Ospedale Borgo Trento, Verona; Divisione Pediatrica, 
Ospedale infantile Alessandri, Verona; Clinica Pediatrica 
dell’Universita’, Palermo; Clinica Pediatrica Illa Universita’ di 
Bologna; Ospedale Bambino Gesu’, Roma; and Clinica Pediatrica 
dell’ Universita’, Verona. 
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Commentary 
A S McNEISH 
Institute of Child Health, University of Birmingham 


The ‘cause’ of coeliac disease is not yet known in 
molecular terms. The diagnosis of coeliac disease 
remains empirical and is currently based on two well 
established facts. The first is that gluten causes a 
malabsorption syndrome with small bowel entero- 
pathy in susceptible subjects.! Secondly, withdrawal 
of gluten from the diet leads to complete restoration 
to normal of the patient and his intestinal mucosa.” 

A third important contribution to our thinking 
about coeliac disease was provided by the (then) 
European Society for Paediatric Gastroenterology 
(ESPGA) in its publication of the ‘Interlaken 
criteria’.’ In these criteria, coeliac disease was 
affirmed to be a permanent condition of gluten 
intolerance, and it was implied that, in order to 
substantiate an initial diagnosis of coeliac disease, 
the permanence (or at least persistence) of gluten 
intolerance should be confirmed in each individual 


patient by carrying out one or more gluten ‘chal- 
lenges’. Such challenges, stated ESPGA, should 
lead to a recurrence of the mucosal lesion within two 
years. 

This expanded definition of coeliac disease has 
been influential and many European centres have 
used it to the letter.* There have been problems, 
however, both theoretical and practical. Firstly, 
colleagues i in France showed that sensitivity of the 
mucosa to gluten can vary with age,” and Egan- 
Mitchell et al in Ireland described coeliac children in 
whom the mucosal lesion of coeliac disease did not 
recur üntil five or more years after gluten reintro- 
duction. Secondly, and at a practical day to day 
level, there has been an understandable reluctance 
by both parents and paediatricians to reintroduce 
‘forbidden fruit’ into the diet, both because of the 
harm it might cause and the habits it might engender. 
Surreptitiously, corners have been cut. 

The Italian Working Group for Paediatric Gastro- 
enterology has rendered a valuable service in the 
present paper by analysing what has actually been 
happening in 33 paediatric centres and what the 
outcomes have been. The authors are able to 
compare an unprecedentedly large series of 2400 
patients diagnosed as coeliac by the full ESPGA(N) 
criteria, with 738 whose diagnosis was made by a 
simplified route. Even though allowance must be 
made for the fact that no attempt was made to 
standardise observations among centres (for 
example, the histological reports were accepted at 
face value by the Group, and different assay systems 
for antigliadin antibodies were used), the sheer 
volume of data commands serious attention. 

The conclusions and recommendations are 
eminently sensible. Firstly, if the clinical: picture 
suggests coeliac disease (and cows’ milk intolerance 
can be excluded) and the jejunal mucosa shows 
crypt hyperplastic subtotal villous atrophy, and 
secondly, if there is an obvious clinical response to a 
gluten free diet, the diagnosis can confidently be 
assumed to be coeliac disease and a lifelong gluten 
free diet should be instituted. My only warning to 
those who wish to adopt this practice is to make sure 
that the histological lesion is confirmed by a histo- 
pathologist who is accustomed to interpreting 
paediatric intestinal biopsy specimens. The 
commonest reason seen in our clinic in Birmingham 
for the erroneous diagnosis of coeliac disease made 
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elsewhere has been overinterpretation of minor 
histological changes in the mucosa by a histopatho- 
logist more accustomed to viewing tissue from 
adults. 

In theory this ‘no gluten challenge, no further 
biopsies’ approach could mistakenly diagnose as 
coeliac disease a case of temporary gluten intoler- 
ance.’ Such cases are, however, rare, and becoming 
rarer, and usually arise in young infants with a short 
history, and sometimes with evidence of other food 
sensitivities as well. 

Lastly, the authors confirm the observation of 
others that the rise and fall of antigliadin antibodies 
in the blood can be useful in the initial diagnosis, in 
monitoring the response to gluten withdrawal, and 
in measuring the response to a gluten challenge. 
There is no evidence in the literature to suggest 
how, or if, antigliadin antibodies are causally related 
to the signs and symptoms of coeliac disease, but 
even if these antibodies prove to be epiphenomena, 
their serial measurement can give useful diagnostic 
help in difficult cases. 

However the diagnosis of coeliac disease is 
reached, it is essential to undertake long term follow 
up by handing on one’s patients with coeliac disease 
to an adult gastroenterologist at an appropriate age. 
Dietary compliance over a lifetime is probably not 
achieved in many cases® and the longterm morbidity 
in those who break their diet is still uncertain. 
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Personal practice 


Chronic idiopathic thrombocytopenic purpura: 


primum non nocere 


J CHESSELLS 


Department of Haematology and Oncology, Institute of Child Health, London 


The vast majority of children with idiopathic 
thrombocytopenic purpura, dramatic though their 
signs may be at presentation, remit within weeks, 
with or perhaps despite medical attention. Such 
children, when referred to the Queen Elizabeth 
Hospital, Hackney Road by their family doctor, or 
appearing in the busy casualty department, have a 
careful history taken with particular emphasis given 
to the length of history, antecedent infections, and 
drugs. They are examined for evidence of bleeding, 
injury, enlargement of lymph nodes, liver, and 
spleen. A full blood count and coagulation screen 
are performed and the film is carefully examined. If 
there is the slightest doubt about the diagnosis or if 
specific treatment is contemplated a bone marrow 
aspiration is performed. Treatment involves a period 
of relative rest and the avoidance of aspirin. The 
parents are told that this is not leukaemia, that the 
risk of serious bleeding is very low, and that most 
children improve spontaneously within weeks to 
months. A follow up appointment is given to facili- 
tate further discussion. Further active treatment 
is rarely indicated. 

The debate about steroid treatment in acute 
idiopathic thrombocytopenic purpura)!” has to a 
large extent been supplanted by that about the 
benefits of intravenous immunoglobulin,? 4 now alas 
widely advertised as desirable treatment for acute 
idiopathic thrombocytopenic purpura. As the 
mortality of acute idiopathic thrombocytopenic 
purpura is less than 1% it would take a controlled 
trial of at least 14 000 patients to show a significant 
reduction in mortality,° and estimation of morbidity 
is difficult when symptoms usually remit before any 
alteration in platelet count. It is thus regrettable 
that a recent clinical trial comparing intravenous 
immunoglobulin and steroids did not include a 
control arm.* 6 While it may be justifiable to give 
steroids or immunoglobulin (or both) as a short term 
measure to a child with serious bleeding or extensive 


mucous membrane haemorrhage at presentation, 
there is no firm evidence that either is beneficial or, 
as has been claimed, decreases the risk of chronic 
thrombocytopenia. Intravenous immunoglobulin is 
extremely expensive (approximately £30 per gram 
or £720 per course for a 15 kg child) and although 
heat treated, carries the theoretical risk of trans- 
mission of viral infections, particularly non-A non-B 
hepatitis.’ 


Chronic thrombocytopenia 


Most children seen in a district hospital have acute 
thrombocytopenia. In the more rarefied atmosphere 
of the referral centre there appears a steady trickle 
of children with chronic thrombocytopenia. This 
somewhat arbitrary definition is traditionally 
applied to children with symptoms of longer than six 
months. The story of such patients is usually a 
variation on one of two themes. Either the child has 
a long history of easy bruising and eventually a 
blood count is performed and shows thrombo- 
cytopenia or there has been an acute onset, treat- 
ment with steroids, and apparent clinical improve- 
ments. After three or four weeks an attempt to 
reduce the steroids is followed by recurrence of 
bruising or perhaps just a fall in platelet count. Thus 
develops a repetitive cycle in which steroids are 
decreased and increased according to the platelet 
count, the parents become more anxious and the 
child more moody and cushingoid. A variation on 
the second theme is that steroids have been replaced 
by periodic intravenous immunoglobulin that may 
produce a temporary rise in platelet count. The 
management of these patients and their parents is a 
delicate task, requiring ample time for discussion 
and reassurance about anxieties which are, I am 
afraid, frequently iatrogenic. 

It is obviously essential to be confident of the 
diagnosis. A story of bruising since infancy should 
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prompt suspicion of one of the rare congenital 
thrombocytopenias, many of which present with low 
platelets and a cellular marrow with abundant 
megakaryotypes.® A careful inspection of the blood 
film, and when appropriate, tests of platelet 
function should exclude such a diagnosis. The 
finding of Déhle bodies in the neutrophils is a 
feature of the May-Hegglin anomaly, a rare auto- 
somal dominant disorder associated with mild 
thrombocytopenia while small platelets with a 
history of affected males may suggest a forme fruste 
of Wiskott-Aldrich syndrome. The blood film in 
idiopathic thrombocytopenic purpura shows large 
platelets but the presence of numerous giant forms 
should arouse suspicion of the Bernard-Soulier 
syndrome, an autosomal recessive disorder of 
platelet function characterised by variable thrombo- 
cytopenia and by defective platelet aggregation with 
the antibiotic ristocetin. 

Bone marrow examination is essential in the 
assessment of the child with chronic thrombo- 
cytopenia. If adequate slides are not available for 
review then an aspirate must be performed; if the 
slide does not show adequate megakaryocytes a 
trephine should be performed to assess marrow 
cellularity. Aplastic anaemia is rare in childhood 
but, particularly in the congenital marrow failures 
such as Fanconi’s anaemia and dyskeratosis 
congenita thrombocytopenia may be the only 
abnormality in the blood count for many years.” The 
congenital abnormalities may be subtle or even 
absent in Fanconi’s anaemia and mucosal atrophy 
and dystrophic nails often defy diagnosis in early 
dyskeratosis congenita. Once these conditions have 
been excluded how useful are other investigations 
in chronic thrombocytopenic purpura? Platelet 
associated immunoglobulin is raised in the vast 
majority of children with chronic idiopathic 
thrombocytopenic purpura but the availability of 
platelet serology has Pad little impact on the 
selection of treatment.’ It is important, particularly 
in the older child, to investigate for the presence of 
other autoimmune disorders. While some children 
with chronic idiopathic thrombocytopenic purpura 
have subtle laboratory evidence of an immuno- 
regulatory disorder few develop systemic lupus 
erythematosus or autoimmune haemolytic 
anaemia." 


Management of chronic idiopathic thrombocytopenic 
purpura 


Chronic idiopathic thrombocytopenic purpura is 
usually a benign condition which does not require 
specific treatment and may remit at any time. 
Fifteen of a group of 150 children in Cleveland were 
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still thrombocytopenic after one year but 11 of the 
15 were asymptomatic and nine underwent spon- 
taneous remission after two to 20 years. ! 2 There 
were no episodes of intracranial haemorrhage. In a 
long term study from Newcastle, 22 of 123 children 
remitted after one year, and three after five years. !? 
There were two episodes of intracranial haemor- 
rhage: one in retrospect due to probable consump- 
tive coagulopathy and the other in a child with 
acute idiopathic thrombocytopenic purpura who 
was receiving steroids.'? These reports reinforce 
clinical impressions of the natural history of chronic 
idiopathic thrombocytopenic purpura, but because 
they emanate from referral centres, probably 
underestimate the proportion of cases under- 
going early remission. 

Once the diagnosis is confirmed my main 
preoccupation is to thus ensure that the family has 
a reasonable understanding of the disease and this 
involves careful review of the natural history and 
treatment options. I reiterate that idiopathic 
thrombocytopenic purpura is a benign, although 
alarming, condition and that serious internal hae- 
morrhage is extremely rare and, in my experience, 
usually seen in the child with haemorrhagic 
symptoms at onset. It is good if parents can avoid an 
obsession, often I am afraid iatrogenic, with the 
significance of minor variations in the platelet count. 
I emphasise that treatment should be directed at the 
patient rather than the platelet count, and that 
frequent blood tests are best avoided. It is also 
useful to discuss the risk of bleeding in relation to 
platelet count and to point out that this risk, because 
of good platelet function,’* is low in idiopathic 
thrombocytopenic purpura. I explain that the 
natural history of idiopathic thrombocytopenic 
purpura is such that patients may improve spon- 
taneously even after years and that any form of 
treatment is symptomatic rather than curative. 
Given this low mortality and spontaneous remission 
a careful analysis of risk and benefits of treatment is 
essential. 

Most parents and children who have experienced 
long term treatment with steroids are only too aware 
of the side effects and anxious to avoid them at all 
costs. Such treatment has no place in the manage- 
ment of chronic idiopathic thrombocytopenic 
purpura. Periodic infusions of immunoglobulin have 
been proposed in the responsive child, as a long 
term treatment but there is no justification for their 
routine use.” 1© Most children need no specific 
treatment but should avoid aspirin and bodily 
contact sports. I would recommend short term 
steroids or immunoglobulin infusions only in the 
event of overt bleeding or in preparation for 
surgery. Other forms of treatment, such as vin- 
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cristine and. immunosuppressive drugs, have had 
their proponents, usually as treatment for symptom- 
atic patients who have not responded to splenectomy, 
and the reader is referred to an excellent review by 
Buchanan for an analysis of their lack of benefit." I 
have no personal experience of any of these 
measures except in a very few children whose 
thrombocytopenia is part of a more generalised 
autoimmune disorder. They have no place in the 
management of chronic idiopathic thrombo- 
cytopenic purpura. Recent reports suggest that 
danazol, an attenuated androgen, may benefit some 
patients but further studies are needed.'® 

What then are the indications for splenectomy, 
the earliest and most established form of treatment 
for chronic idiopathic thrombocytopenic purpura? It 
is unfortunate for paediatric practice that splenec- 
tomy is regarded by haematologists as a treatment of 
choice in adults with chronic idiopathic thrombo- 
cytopenic purpura refractory to steroids. This 
thinking has in the past lead to many referrals for 
consideration of splenectomy if a child has not 
remitted within six months. In view of the mild 
symptoms of most patients and the significant and 
indefinite risk of sepsis with pneumococcus and 
Haemophilus influenzae,” a decision to recommend 
splenectomy should only be undertaken after very 
serious consideration. The risk of postsplenectomy 
sepsis is in most patients greater than the risk of 
serious bleeding. 

While splenectomy, by removing a major source 
of synthesis of antibody and an important site of 
platelet destruction,” does result in an improved 
count in many patients it does not cure the 
underlying problem. It has been estimated that half 
of the children with idiopathic thrombocytopenic 
purpura will achieve normal counts after splenec- 
tomy” but this clearly depends on the indications. I 
recommend it very rarely, usually in the older child 
with repeated episodes of haemorrhage for which 
there is no local cause. While it seems that children 
who in the past have had a prompt response to 
steroids or intravenous immunoglobulin are those 
most likely to have sustained improvement, the 
response is not always predictable and it is important 
to explain that splenectomy usually produces at 
least a modest improvement in symptoms but that 
this is not invariable. Preoperative pneumoccal 
vaccine and postoperative penicillin are recom- 
mended. A review of the literature would suggest 
that the risk of sepsis after splenectomy may actually 
be greater than that of intracranial haemorrhage,” 
so the decision requires great thought. 

Perhaps the most important factor in dealing with 
the child with idiopathic thrombocytopenic purpura 
is the attitude of the physician. He must listen to the 


very real anxieties and explain in understandable 
terms the risks and benefits of treatment. With this 
support most children with chronic idiopathic 
thrombocytopenic purpura can be managed without 
specific treatment until their disease undergoes 
spontaneous remission. 
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Contemporary history 


Paediatrics at King’s College Hospital 50 years ago 


PHILIP EVANS 


King’s College Hospital pioneered British paedia- 
trics. It was the first teaching hospital to have a 
children’s department, which was founded when 
George Frederic Still was invited to join the 
consultant staff in 1899. Still was himself a pioneer, 
being the first doctor to practise full time paediatrics 
as a separate specialty from adult general medicine. 
In 1906 he became the first professor of paediatrics. 

Mind you, he was on his own. There were no 
clinical departments as we understand them. Now 
the nucleus of a department is an office, a secretary, 
and a telephone, with academics attached to the cell 
membrane. When I came here a generation after 
Still’s arrival the department consisted of a ward and 
three outpatient clinics. The cons:ltant had a coat 
hook, the half time registrar had a locker, and the 
house physician was shared with neurology—an 
appointment known as ‘kids and nerves’. 

Still had held the formative post of medical 
registrar and pathologist at the Hospital for Sick 
Children, Great Ormond Street. Some years later 
he was allowed to have an assistant physician, so the 
then incumbent of the post at Great Ormond Street, 
RS Frew, was appointed. Sixteen years later he 
retired to look after his private practice: remember 
that voluntary hospital consultants were not paid for 
their hospital work before 1948. When Frew left, 
Still simply arranged for the contemporary registrar 
from Great Ormond Street, Wilfrid Sheldon, to 
move to King’s. Sheldon was 26 years old. 

' Sir Frederic Still retired in 1933. He had two 
wards—Pantia Ralli and Princess Elizabeth (Still 
was Princess Elizabeth’s paediatrician; I don’t know 
whether the Queen remembers her first doctor). 
When Still left, Pantia Ralli was taken away from 
young Sheldon and turned over to the psychiatrists. 
Sheldon went on alone for six years until I was 
appointed assistant in 1939. 

Perhaps I should explain how I came to be here at 
all. In 1935 there was a vacancy for a medical 
registrar and pathologist at Great Ormond Street. 
George Newns and I applied, and he was appointed. 


I knew he was registrar at King’s so I telephoned for 
an appointment with Sheldon, went to see him in his 
rooms in Upper Wimpole Street, and said that I 
should like to apply for the forthcoming appoint- 
ment. 

Wilfrid Sheldon had an unnerving habit of not 
speaking until he was ready. A long Sheldonian 
silence ensued and then he said ‘Very well, I will tell 
them not to advertise. Start on October the first’. 
You see how opportunism sometimes pays. 

It was a half time job that paid £70 a year, but 
Sheldon got me to conduct two of his rheumatism 
clinics (one at King’s and one at Walthamstow), and 
with charity tea parties and so on got me a small 
stipend to do research into juvenile rheumatism. At 
that time rheumatic fever and chorea were great 
scourges. The London County Council maintained 
two and a half large hospitals solely for children with 
rheumatic heart disease who were treated by bed 
rest for months or even years. With these payments, 
together with fees from tutoring and correcting 
papers for the London Correspondence College at 
three pence a question, I earned about £450 a 
year—a living wage. 

My duties were to be in outpatients twice a week, 
and to do business rounds with the house physician, 
and twice weekly teaching rounds with the chief. 
These teaching rounds were processional: first went 
the chief with the house physician and sister, 
followed by a nurse wheeling a trolley with instru- 
ments and notes, then the students followed by the 
registrar (who did not speak unless spoken to) and, 
finally, a junior nurse whose job it was to go to any 
child who cried and whisk if off to the sluice room 
where the cries could not be heard. After 1948-50 it 
was thought repressive to insist on silence, and the 
peace of the ward round was destroyed for ever. 

I travelled daily from Pimlico to Denmark Hill by 
tram, which meant that I arrived for Friday’s round 
having read the latest Lancet, which Dr Sheldon 
(driving himself in his Wolseley) had not done. One 
up to me, sometimes. 
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Rheumatic fever and chorea accounted for one 
third of our patients. Apart from sodium salicylate 
for arthritis—very effective—bed rest was the main- 
stay of treatment, the aim being to rest the heart and 
limit its injury. We now know that lying flat is not 
the best way to rest the heart, but it may not have 
been totally stupid. I knew of a child in New York 
(where they were allowed to sit up on bed pans) who 
died while straining at stool. 

Tuberculosis was not the pest that it had been in 
the 19th century but it was still common. Scurvy had 
almost disappeared, but rickets was often seen. 
Urinary tract infections were treated by making the 
urine alkaline with potassium citrate. Pneumonia 
was common, but was fortunately more benign in 
children than in adults. It was treated by good 
nursing alone until the introduction of sulphapyri- 
dine in 1938-9, but there was no antibiotic until 
penicillin became available in limited quantities 
arter the war. Dr Sheldon did not always treat mild 
pneumonia with sulphapyridine, as he thought that 
it often made the children more ill than the 
pneumonia did. 

Gastroenteritis was treated by modified feeding. 
In 1934 it was discovered that babies’ veins could be, 
used for drips, but each one required a cut down for 
the insertion of a Bateman needle or cannula. 
Treatment was empirical; blood electrolyte concen- 
trations could not be measured. 

The Ramstedt operation for pyloric stenosis cured 
a lot of babies, but the mortality was between 4 and 
20%—mostly from gastroenteritis. This was the 
result of the babies being nursed in an open ward 
with no cubicles. We could not prevent gastroenter- 
itis from spreading and yet could barrier nurse 
patients with typhoid with confidence. Patients with 
poliomyelitis were not isolated and yet the disease 
did not spread throughout the hospital, probably 
because of ‘herd’ immunity. Paracentesis of the ear 
drum was the commonest operation carried out, but 
tonsillectomy and circumcision were also widely 
practised. In season, there were usually a couple of 
empyemas being drained. 

That was the 1930s—time to move to the 1940s. In 
1939 war broke out and because heavy bombing was 
expected in London the hospitals were moved out. 
King’s was transferred to Horton Mental Hospital at 
E»som, but because of evacuation of children to the 
country the children’s department (at least the 
doctors, sisters, and students) went to Cuckfield in 
Sussex where the workhouse had a modern hospital 
block, though it was not well equipped to start with. 
There was only one hypodermic syringe, which was 
the property of the senior nurse; when she was 
sacked she took it with her. After some weeks 
radiographic equipment was installed in the gas- 


man’s workshop. Pathology specimens were sent by 
post to a mental hospital 30 miles away, so we did 
not get many urgent tests done. Most of what we 
sent was throat swabs for the diagnosis of diphtheria 
until we got our own laboratory about a year later. 
This was converted from a ward that was freed 
when huts were built in the grounds to take the place 
of wards. There were no resident doctors, but there 
were lodgings in the nearby village. 

The summer of 1940 was beautiful and we used to 
pause in our tennis to watch the Battle of Britain, 
though we did not appreciate what was happening 
until it was over. One morning I was teaching with 
my back to the window, when I thought I was losing 
the attention of the audience. I droned on, and 
when the session was over the students told me that 
they had been watching a ‘dog fight’ in the air. One 
plane was shot down. The local builder jumped in 
his car, drove to the site, and took the German pilot 
prisoner. 

So rural life continued; we were busy but not too 
busy, and patients were treated and medical and 
nursing students taught. 

When the department moved again in 1943 
because the Canadian army wanted Cuckfield Hos- 
pital I was abroad. The next location of the King’s 
paediatric unit was at Elfinsward, Haywards Heath, 
which was a diocesan home for retired clergymen. I 
don’t know what became of them, but people were 
always being displaced during the war. 

When the war ended in 1945 King’s returned to 
Denmark Hill, and by the time I got home in 1946 it 
was much as it had been before. I was assistant 
physician with two outpatient days and four beds, 
and no prospect of more until I was at least 52 years 
old because Wilfrid Sheldon was only eight years 
older than me. I was therefore tempted by an 
invitation to go and work at Guy’s Hospital, where I 
would have an office and a desk and a telephone, 
and the promise of a secretary. What was more, the 
medical school would pay my salary. My income 
from my first three months in practice had been 
three guineas. The war saved me financially, as I got 
£650 a year in the Emergency Medical Service. 

After I left Wilfrid Sheldon went on without an 
assistant for 18 months until the Governors 
appointed Dr Mary Wilmers a week or two before 
the National Health Service came into being in 1948, 
so she ushered in the new era. 

Since then the department has gone from strength 
to strength, and the face of paediatrics has changed 
for the better. Sydenham’s chorea inexplicably 
disappeared in 1939, as Wilfrid Sheldon was the first 
to point out in a letter to the Lancet. Sulphonamides, 
and later penicillin, were probably responsible for 
reducing the incidence of rheumatic fever. Post- 
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streptococcal nephritis disappeared later, but it was 
already attenuated except where the original New 
York strain persisted, as it did in Romania. Strepto- 
coccal cross infection in hospitals gave way to 
staphylococcal, and then Pseudomonas spp came in. 
The ‘acute mastoid’, so much feared, was not seen 
after the early 1940s. 

Tuberculosis in children was ameliorated by 
better living conditions, and later by BCG vaccina- 
tion, but it was more accurate diagnosis and treat- 
ment with streptomycin for adults that wiped it out 
in many communities. 


Todd Ward at King’s College Hospital in the 1930s. 


This reduction in the incidence of infectious 
diseases freed medical attention to concentrate on 
hitherto intractable diseases such as liver and kidney 
failure, leukaemia, congenital heart disease, and the 
problems associated with gross prematurity. 

Just think—it is 40 years since I saw a baby with 
congenital syphilis! 


This article is based on the address given at King's College Hospital 
on 1 October 1988 to mark the retirement of Sir Eric Stroud from 
the Chair of Child Health. 
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Current topic 


Paediatric infectious diseases: some recent advances 


and future priorities 


P A DAVIES 


London 


Infectious diseases present an ever changing panor- 
ama. While change and advance are not synony 
mous, changes in human behaviour—by presenting 
urgent new dilemmas—may lead to advances in 
understanding of disease and its transmission. Th2 
‘first decade of awareness of the illness now knowa 
töbe due to the human immunodeficiency virus 
(HIV)*will have been remarkable in this respect. 
Some of the advances in childhood infectious illness 
that have also occurred in the last 10 years or so 
together with some future priorities, inevitably 
personal ones, will be reviewed here. 






Some recent advances 


‘NEW’ INFECTIOUS ILLNESSES 

Most are diseases known to paediatricians for many 
years that have been linked to a causal infecting 
organism for the first time. Others appear to be new 
illnesses, or at least recently recognised as occurring 
in children as well as adults. They are listed in the 
table. It is possible to consider only some of them 
further. 


Haemolytic uraemic syndrome 

In addition to the now well known enteropathogenic, 
enterotoxigenic, and enteroinvasive strains of 
Escherichia coli, an enterohaemorrhagic variety has 
been reported, which produces cytotoxins. + These 
are known either as Shiga like toxins, being very 
similar to that produced by Shigella dysenteriae type 
1, or as verotoxins, Vero cells being used to detect 
their cytotoxic nature. A particular serotype of ore 
o? them, 0157:H7, seems likely to prove an important 
aetiological agent for both haemolytic uraemic 
syndrome (a triad of haemolytic anaemia, thrombo- 
cvtopenia, and acute renal failure), in which the 
Shiga like toxin may cause the initial endothelial 
damage, and haemorrhagic colitis. 17 The recent 
occurrence of the haemolytic uraemic syndrome ard 


Table Infections illnesses 





Iilness Newly recognised infecting 


organisms 





Long recognised: 

Cat-scratch disease Pleomorphic Gram 
negative bacillus’ 
(not yet named) 

Erythema infectiosum 
(fifth disease) 

Aplastic crisis 

Fetal hydrops 

Haemolytic uraemic syndrome and 
haemorrhagic colitis 


Parvovirus B1% 3 


Enterohaemorrhagic 
Escherichia coli 0157:H7* 

Adenovirus.” Aeromonas 
hydrophila,® 
Campylobacter spp.” 
Cryptosporidium spp.* 
Yersinia enterocolitica’ 

Legionella pneumophila’ 

Chlamydia trachomatis* 

C psittaci (TWAR strain)? !° 

Human herpesvirus-6!! 


Infectious diarrhoea 


Respiratory tract infection 


Roseola infantum 
(exanthem subitum) 


Newly recognised in children: 

Acquired immunodeficiency 
syndrome"? 

Infant botulism 


Human immunodeficiency 
virus (HIV) 
(Clostridium botulinum) 
C barati, C butyricum 
Borrelia burgdorferi 
Staphylococcus aureus 
exotoxin (TSST-1) 


13 14 


Lyme disease? 
Toxic shock syndrome!® 


variants of thrombotic thrombocytopenic purpura in 
three siblings!® supports the suggestion’’ that the 
latter should also be included. 


Respiratory tract infections 

Chlamydial infections have been of more import- 
ance to children in the past decade than those due to 
Legionella pneumophila. Respiratory infections in 
young infants associated with maternally transmit- 
ted Chlamydia trachomatis were first described a 
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little over 10 years ago,® and although chlamydial 
cervicitis and urethritis are now the commonest 
sexually transmitted infections in the United King- 
dom, chlamydial pneumonitis is almost certainly 
underdiagnosed in young infants. Perhaps a few 
such cases are associated with sudden unexpected 
infant deaths. 

In the last few years outbreaks of pneumonia have 
been reported in adolescents and young adults due 
to a strain of Chlamydia psittaci known as TWAR 
(TW for Taiwan where it was first isolated, AR for 
acute respiratory).? It seems as if this particular 
infection has a human spread, rather than the avian 
to human one of psittacosis. It may turn out to be 
relatively common, resembling infections associated 
with Mycoplasma pneumoniae. "? 


The acquired immunodeficiency syndrome (AIDS) 
This has received more attention in the past few 
years than any other infection. Criteria for its 
diagnosis, that of the AIDS related complex in 
children, and for diagnosis of perinatal 
transmission” have been drawn up. The number of 
those 14 years or less with AIDS in the United 
Kingdom at the end of 1987 was still very small 
(n=19), maternal transmission appearing likely in 
over two thirds.2! Over 10 times as many children 
were HIV positive, one third of whom were 
haemophiliacs or other recipients of blood or blood 
components. In the AIDS cases pneumonia was the 
commonest presenting diagnosis, followed by en- 
cephalopathy. The number of HIV antibody posi- 
tive women 15 years and older—the mothers of 
today and tomorrow—is, however, increasing fast. 
They .constitute one-10th of all such cases in the 
United Kingdom, and one quarter of them are in 
Scotland.”! A report from the European Collabora- 
tive Study of 271 children born to HIV infected 
mothers in eight European centres recorded a 24% 
transmission rate, but cautioned this was likely to be 
an underestimate, as follow up was still short.” 


Lyme disease 
Erythema migrans with other complications after a 
tick bite was recognised in parts of Europe in the 
first half of the century. But a small New England. 
town—Lyme—has now given its name to this illness. 
Astute physicians realised that rather too many 
children living near each other there were being 
. diagnosed as suffering from ‘juvenile rheumatoid 
arthritis’. Eventually a newly discovered spiro- 
chaete, Borrelia bur redorfert, was incriminated as 
causing their illness. Ticks of the Ixodes spp were 
the likely vectors. After the tick bite, and the often 
resulting migrating erythema, central nervous sys- 
tem signs such as lower motor neurone facial palsies, 


with cerebrospinal fluid pleocytosis, and recurring 
arthralgia may complete the picture. The illness 
sometimes follows a prolonged course. Its recogni- 
tion in children in this country was first reported 
from Southampton.”* ” The deer of the nearby New 
Forest were accused of harbouring the infected 
ticks; it is now known that dogs and cats living in 
regions where the disease is endemic may also carry 
the ticks. 


Toxic shock syndrome 

Though usually thought of as a disease confined to 
women using tampons, it may occur in younger 
children.'® It is important for paediatricians to keep 
this syndrome in mind for the accompanying hypo- 
tensive shock is its most dangerous feature. 
Restoration of circulating blood volume is urgently 
needed and careful monitoring of arterial and 
central venous pressure.” Blood cultures are usually 
negative, but the syndrome is caused by a particular 
exotoxin of Staphylococcus aureus, called TSST-1. 


ADVANCES IN UNDERSTANDING OF HOST DEFENCE 

The rare inherited defects and childhood immuno- 
deficiency disorders—of which most of us see very 
few examples in our professional lifetimes—have 
given immunologists the opportunities for making 
rapid advances in understanding host defence. An 
appreciation of how the component parts integrate 
to form the whole has accelerated in the past 10 
years. Most of us have great difficulty in interpreting 
these advances, and struggle with often changing 
nomenclature and articles written in language we 
find difficult or impossible to understand. It may be 
helpful to summarise, in barest outline, the most 
fundamental aspects. 

Humoral immunity depends on the ability of the 
short lived polymorphonuclear neutrophils to engulf 
bacteria and kill them with the help of the multi- 
enzyme complement cascade. It also depends on 
antibodies produced by B lymphocytes (which 
mature in fetal liver and bone marrow) and, acute 
‘phase reactants such as C reactive protein.” The 
neutrophil’s central role depends on five important 
stages—activation, deformation, chemotaxis, 
phagocytosis, and the killing process—the individual 
parts of each now almost entirely understood.” 
Complement and antibody are crucial for fully 
effective neutrophil function. The complement sys- 
tem may be triggered via antibody through its 
classical pathway, or through its alternative pathway 
directly by the infecting organism. 

Cell mediated immunity relies on the longer lived 
macrophages (also phagocytic), which are best able 
to cope with the few bacterial species, and with 
viruses and protozoa, which live within host cells; on 
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lymphokines (products of activated lymphocytes 
which include the interferons, interleukins, colony 
stimulating factor, and tumour necrosis factor); and 
on T (thymus maturing) lymphocytes.” 

The immune system cannot know in advance what 
it is going to meet. Thus antigen receptors (anti- 
bodies) of a wide variety have developed on the 
surfaces of B lymphocytes in order to deal with the 
potentially very large number of foreign antigens, 
only one receptor being expressed on each cell. 
When antigen binds with its complementary recep- 
ter antibody, the cell becomes activated, there is 
clonal proliferation and maturation to antibody 
ferming plasma cells, so that large concentrations of 
the antibody can be produced. Some of the activated 
B lymphocytes become non-dividing memory cells, 
and it is these which will be able to mount the faster 
and more effective secondary immune response 
should the orginal antigen be met again in the 
future.” 

T cells, more concerned with the control of 
intracellular infection, also, like B lymphocytes, 
have their individual but structurally different anti- 
gen receptors that have the ability to recognise 
antigen and produce memory cells. There are two 
main subsets of T cells, the helper/inducer cells 
(CD4, CD standing for clusters of differentiation, 
previously T4), and the cytotoxic/suppressor cells 
(CD8, previously T8). T helper cells recognise cell 
surface antigens in association with molecules of the 
class II major histocompatibility complex, and 
release gamma interferon to activate macrophages. 
Tne cytotoxic T cells are concerned with class I 
major histocompatibility complex on the surface of 
cells infected by virus, which can kill the virally 
infected cells before they replicate.?” 

Antibody formation by B lymphocytes needs the 
collaboration of the CD4 cells. It is the latter that 
are the primary target of the HIV; as they are lost 
progressively, so the ability to secrete antibodies is 
lost. The activity of suppressor T cells is uppermost 
in the newborn infant, and presumably through 


most of fetal life.” Thus there is a suppression of B 


cell differentiation to B cells and antibody produc- 
tion. The newborn infant also has deficiencies of 
complement and of certain antibodies—both ex- 
aggerated by preterm birth—so that his neutrophil 
response is less than efficient. Activation is poor, so 
there is little increase in surface receptors on the 
cell, and less ability to stick. The cells are unusually 
rigid, so their ability to adhere to surfaces or move 
through vascular endothelium to the site of infection 
is compromised, and hence chemotaxis is slower. 
Phagocytosis, the ability to engulf micro-organisms, 
may be normal in otherwise healthy infants, but in 
stressed or infected infants it is less effective. And 


the relative lack of enzymes needed for the respir- 
atory burst that generates toxic oxygen radicals such 
as superoxide and hydrogen peroxide may lead to 
defective killing.” Further, if experimental work is 
relevant to the human, bone marrow reserves may 
be easily exhausted so that the infected infant 
becomes neutropenic.*! 


ADVANCES IN LABORATORY DIAGNOSIS 

Tests for antibody such as the enzyme linked 
immunoadsorbent assay (ELISA), for antigen such 
as latex agglutination, and for endotoxin such as the 
limulus lysate test, have been more widely applied in 
recent years. The first two may be very useful for 
quick confirmation of the diagnosis when a certain 
micro-organism is suspected. Then the acute phase 
reactant C reactive protein—first found in the serum 
of patients with pneumonia in the 1930s—has 
attracted renewed interest recently, with greatly 
improved and reasonably rapid quantitative 
methods available for its detection. Its greatest use 
may be in following the course of an infection rather 
than in early diagnosis. 

But it is in molecular biology that we have not 
only one of the fastest growing areas in medicine but 
one which, when it has realised its full potential, will 
be of enormous benefit in the field of infectious 
diseases.” Techniques such as monoclonal antibody 
production (commercially exploited to make large 
amounts of specific antibody available), protein 
biochemistry, and recombinant DNA technology 
probably benefit diagnosis more than treatment at 
present. The characterisation of bacterial DNA and 
proteins has meant simpler ways of typing organ- 
isms. Plasmid DNA isolation, and the recognition of 
specific sequences of DNA with DNA probes, are 
being used in clinical microbiology, often elucidat- 
ing the epidemiology of outbreaks of infection.” 

Routine microbiology laboratories in many hos- 
pitals may not be able to offer all these services but 
will know where they are available. Clinicians need 
therefore to be aware of what is possible, and to 
keep in close touch with their microbiologist col- 
leagues. Talking over clinical problems with them, 
and ensuring they get the fullest information pos- 
sible about patients’ illnesses, will bring its rewards. 


ADVANCES IN TREATMENT 


Antiviral drugs 

The two which seem to have emerged as potentially 
the most promising where childhood infections are 
concerned are acyclovir and ribavirin. Ganciclovir 
still needs further evaluation. Acylovir will be most 
useful for treatment of herpes simplex virus infec- 
tions either in the neonatal period (where vidar- 
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abine is another possibility), or in the immunocom- 
promised child for whom it may also be needed for 
varicella zoster infections. 

Respiratory illness is the main reason for hospital 
admission in children under 5 years of age, and the 
major cause of it is respiratory syncytial virus. The 
organism is also frequently responsible for hospital 
cross infection. While deaths in otherwise healthy 
infants are now very unusual, respiratory syncytial 
virus infections may have a fatal outcome in infants 
with congenital heart disease, especially when 
accompanied by pulmonary hypertension, and in 
immunocompromised children. Ribavirin is particu- 
larly active against RNA viruses—especially respira- 
tory syncytial virus and parainfluenza. A case can be 
made for the use of aerosol ribavirin in immunocom- 
promised children and those with congenital heart 
disease and bronchopulmonary dysplasia if they 
have proved infection with either of those two 
organisms. But large multicentre trials are surely 
justified before this very expensive drug is used on a 
large scale,** > as previous trials have involved 
relatively small numbers only. 


ORAL REHYDRATION THERAPY FOR DIARRHOEA 

This is an important advance which has been 
responsible for the vearly saving of half a million 
childrens’ lives. Ebrahim points out that despite 
this, it is still used by a minority of the population in 
developing countries.” Even in the United States 
there are an average of 500 deaths yearly from 
diarrhoea; and the oral glucose electrolyte solutions 
are frequently not prescribed by paediatricians 
there, nor used by parents.*” The same may be true 
in this country. 


INTRAVENOUS IMMUNCGLOBULIN 

The results of trials of intravenous immunoglobulin 
in children with AIDS, and with mucocutaneous 
lymph node syndrome (Kawasaki disease) have 
been favourably reviewed.** As a causal organism of 
this latter supposedly infectious illness is still un- 
identified, this treatment must be regarded as 
empirical. Small trials of the use of immunoglobulin 
(intravenous and intramuscular) have also been 
carried out in the neonatal period, either as a 
therapeutic measure in infants with suspected OT 
later proved bacterial infection, or both, ? or asa 
preventive measure in preterm and low birthweight 
infants.“ ^ These trials have suggested some 
benefit for its use, as has one trial using an IgM 
enriched intravenous preparations.” These studies 
are careful and important contributions, but large 
scale multicentre trials are necessary. The pre- 
parations need to be refined to be of most benefit 
against likely infecting organisms causing neonatal 


infection; the duration of their beneficial effects 
needs to be worked out, and it is important to be 
certain they will not interfere with normal responses 
to routine immunisations. The development of non- 
A non-B hepatitis in adult trials of intravenous 
immunoglobulin has been reported, but should be 
avoidable. Long term safety needs to be ensured 
before the immunoglobulins are used on a wide 
scale in neonatal units. These preparations, 
however, are more easily available than granulo- 
cytes for transfusion, which have also undergone 
small controlled trials, but similarly need large 
multicentre ones.” If both forms of treatment were 
proved safe in the short and long term, a combina- 
tion of the two might be more logical on immunolo- 
gical grounds. 


ADVANCES IN PREVENTION 

The eradication of smallpox in 1979 must surely be 
recognised as an outstanding achievement by the 
World Health Organisation (WHO). Enormous 
credit is due to those responsible for the planning 
and implementation of what must have seemed an 
almost insuperable task. 

Serious Haemophilus influenzae type b infections 
affect one in 200 American children in the first five 
years of life,“ and their prevalence in this country is 
rising. The organism is one of the preschool child’s 
most dangerous pathogens. A capsular polysac- 
charide (polyribosyl-ribitol-phosphate) vaccine was 
licensed for use in the United States in 1985 after 
trials. Although it will not protect the youngest 
children (antibody responses are poor until about 18 
months of age), and will have no impact on non- 
typable strains which account for a sizeable propor- ` 
tion of upper respiratory tract infections,” it has 
been assessed as being cost effective. Further 
trials, with other vaccines aimed at protecting 
younger infants, are being carried out in several 
countries. 

Hepatitis B vaccine is to some extent unique in 
that if it could be given to all infants born to women 
carrying the hepatitis B surface antigen, not only is 
there the prospect of preventing chronic hepatitis, 
but, perhaps, hepatocellular carcinoma as well. 


Some future priorities 


IMMUNISATION 

Universal childhood immunisation is one of the four 
priorities selected by the United Nations Children’s 
Fund (Unicef) in collaboration with the WHO in 
their drive to improve the health and nutrition of the 
world’s children. The Director General of WHO has 
been reported as saying that in 1987 just half of the 
latter were now receiving immunisation against 
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poliomyelitis, diphtheria, pertussis, tetanus, 
measles, and tuberculosis; the expanded programme 
was judged to be preventing more than one million 
deaths from measles, neonatal tetanus, and pertussis, 
and more than 175 000 cases of poliomyelitis. But 
the goal of health for all by the year 2000 still faces 
enormous difficulties in the poverty stricken parts of 
the world. 

The United Kingdom certainly has its own house 
to put in order too. Given that uptake of immunisa- 
tion is least in urban areas,‘ primary health care 
teams there need to know that it is primarily their 
informed attitudes and enthusiasm, backed by 
efficient organisation, which lead to the desired high 
uptake.” It is easy to blame non-compliance or non- 
completion of schedules on socioeconomic factors, 
but this is probably unjustifiable. There is no 
reason for health professionals in this country not to 
be well informed about the very few contraindica- 
tions to immunisation ‘existing. Copies of the re- 
cently distributed green book” need to be in every 
health clinic, and on the desks of general practition- 
ers and paediatricians. The information is clearly set 
out, should allow those responsible to speak with 
one voice, and prevent confidence being under- 
mined by the wide coverage given to every pro- 
nouncement of the anti-immunisation lobby. The 
new measles, mumps, and rubella vaccine intro- 
duced in October 1988 needs a 95% uptake to 
eradicate these rarely (at least in this country) 
lethal, but occasionally very disabling infections. A 
spirit of healthy competition between districts to 
achieve such levels for all immunisations in children 
wauld not go amiss. 


PREVENTION OF CHORIOAMNIONITIS ASSOCIATED 
PRETERM BIRTH 

It may seem out of place to discuss this primarily 
maternal infection here, but I think paediatricians 
will have to take the lead in urging obstetricians to 
take chorioamnionitis more seriously. This in- 
flammation of the decidua, fetal membranes, and 
umbilical cord is mostly clinically silent. It is only 
diagnosed by pathologists if they decide to look for 
it and if they receive the placenta in the first place. 
But it is at its most prevalent at low gestations, and 
there is increasing suspicion that it is a cause rather 
than a sequel to premature rupture of the mem- 
branes in many cases.°° The most common infecting 
organism may well turn out to be Ureaplasma 
urealyticum.>' This is an organism of low virulence 
(except as we have learned recently for very 
immature babies’), and it can flourish in amniotic 
fluid for several weeks. Certain bacteria, of which 
the ureaplasmas are prime examples, produce phos- 
pholipase A, an enzyme necessary for the forma- 


tion of arachidonic acid. This in turn is a substrate 


‘for prostaglandin synthesis, and prostaglandin is 


involved in the initiation of labour.” Epidemiologi- 


cal surveys to discover precisely who is at risk, and 
large multicentre trials of possible treatments, are 
badly needed. Time spend on chorioamnionitis 
might ultimately prove very rewarding. Many sur- 
viving infants of extremely low birth weight have 
required weeks of intensive care, and later outcome 
is not always the unqualified success story many 
would have us believe. If the babies could stay inside 
the uterus safely for longer, they, their parents, and 
their nurses and doctors would surely be grateful. 


URINARY TRACT INFECTION 

It goes without saying that earlier diagnosis would 
do much to improve results. About half the children 
receiving dialysis for renal failure are in this unenvi- 
able situation because their renal failure is secon- 
dary to scarring and chronic atrophic pyelonephritis. 
Such involvement of the renal parenchyma is also an 
important cause of hypertension. The infections 
which will lead to these end results are usually 
acquired in infancy or well before 5 years of age, 
when reflux is present. Each child that is hyperten- 
sive or dialysed for this reason must represent a 
failure of early diagnosis, or of effective treatment, 
or of failure to prevent recurrence, relapse, or 
reinfection. The younger the child, the more non- 
specific are symptoms of urinary tract infection 
likely to be, and no clinical examination of such 
infants can be complete without urinalysis and 
culture of a satisfactorily collected and processed 
specimen. If this really fundamental component of 
good medicine was conscientiously practiced, if all 
children with diagnosed urinary tract infection were 
properly investigated, treated, and kept under long 
term surveillance, much subsequent illness and 
disruption of family life could be avoided: 


HEALTH EDUCATION 

Sexually transmitted diseases started to rise steeply 
in frequency from the 1960s; this was partly due to 
improved diagnosis. Promiscuous sex from an early 
age may lead to carcinoma of the cervix, impaired 
fertility, or be the cause of sometimes disabling, 
occasionally lethal infections in infants born to 
mothers infected with certain sexually transmitted 
organisms. The suggestion of Curtis and colleagues 
that sex education should be taken very much more 
seriously is surely important,™ and this difficult and 
sensitive task may need the involvement of 
paediatricians. 


CONTROL OF INFECTION 
In his review of treatment of diarrhoeal diseases in 
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developing countries, Ebrahim pointed out that 
education about washing the hands can lead to an 
85% reduction of secondary attack rates of di- 
arrhoea within families.%° With an increasing 
population of preschool children at nurseries and 
play groups in this country such education is also of 
profound importance for staff working there, and by 
example for the children. It is not only gastrointes- 
tinal pathogens that may be transmitted via the 
hands, but certain respiratory tract pathogens as 
well. In hospital too, effective hand washing consci- 
entiously practised by all staff would do much to 
reduce the very considerable burden of nosocomial 
infection there. The increasing numbers of infec- 
tions with Salmonella spp and with Listeria monocy- 
togenes now occurring are likely to be of serious 
importance to newborn infants and immunocompro- 
mised older children. An asymptomatic and unsus- 
pected carrier mother may transfer salmonella to 
her newborn infant. He or she is then frequently the 
index case for neonatal unit epidemics. While the 
mother with listeriosis is more likely to be febrile 
and have some malaise as a warning, this is not 
invariable. Only effective infection control measures 
will prevent these epidemics occurring. 

There is an urgent need for more paediatricians to 
make infectious diseases a special interest. The 
subject will always be of special importance for 
children. The possibilities for accurate diagnosis and 
effective treatment, and the opportunities for pre- 
vention, have never been greater. 
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Neonatology—then and now 


Oxygen tension in the newborn (1957) 


(C H M Walker) 


Low oxygen tension in the management of newborn infants 


SVEN SJOSTEDT AND GOSTA ROOTH 


Departments of Obstetrics and Gynaecology and of Internal Medicine, University Hospital, Lund, Sweden 


(Arch Dis Child 1957;32:397-9) 


This paper, which was based on a presentation read at the 
VIIth International Congress of Paediatrics in Copen- 
hagen, July 24 1956, starts with the somewhat dramatic 
statement: 


‘Prolonged administration of oxygen in high concen- 
trations to premature infants is now being abandoned 
in most countries, thanks to the studies on retrolental 
fibroplasia which have shown its harmful effects on 
the eyes.’ 


Later in the introduction we find: 


‘The frequent co-existence of retrolental fibroplasia 
and cerebral palsy as shown in the papers by Ingram 
and Kerr (1954) and Klause (1955) may perhaps also 
justify relating cerebral palsy to oxygen therapy.’ 


The paper then describes 33 infants (21 term and 12 
‘premature’) treated in atmospheres of 15% oxygen, 85% 
nitrogen, and in whom oxygen saturations fell by about 
10 volumes %. Though this was in the early days of such 
studies in Lund others had exposed infants to low ambient 
tensions three years previously and reported that 
115 mm Hg oxygen did not ‘involve undue risks’. Some 
term infants were cyanosed to start with but then became 
pink with ‘deep breathing, bradycardia (100-110 per min) 
and slight hypothermia’. The preterm babies were ‘often a 
little cyanotic’ but their attacks of cyanosis and dyspnoea 
were ‘not more often than usual’ and it was thought that 
they might possibly be even less frequent. They had 
temperatures of 33°-36°C for one or two weeks but 
remained in ‘excellent condition’. 


Today. Ever since the relationship between oxygen and 
retrolental fibroplasia was suspected paediatricians have 
been walking the tightrope between giving enough oxygen 
to prevent cerebral hypoxia and metabolic acidosis but less 
than that which is now thought to cause post hyperoxia 
capillary closure and retinopathy. Currently the 
‘hypoxaemic hypothesis’ is receiving much attention and 
we have to accept that the pathogenesis of retinopathy is 
not as straightforward as it once appeared to be, especially 
as the very immature retina seems to be damaged even 
though the infants have been nursed in nothing but 
atmospheric air. It is likely that the various problems of the 


preterm baby such as respiratory irregularity and pulmonary 
pathology cause wide swings in oxygen pressure which 
stimulate retinal and cerebral vasoactivity and these 
fluctuations may well be as, if not more, important than 
the actual levels reached, high or low. Unfortunately. 
continuous monitoring of transcutaneous oxygen tension 
does not seem to lessen the incidence of retinopathy in 
infants under 1000 g birth weight—that is, those at greatest 
risk—though it may help in those over that weight.’ It was 
thought that oxygen tensions below that of atmospheric air 
might be prophylactic but the authors had to admit that 
their: 


‘Material is too limited to tell whether there is a 
greater survival rate with this treatment or fewer cases 
of retrolental fibroplasia, hyaline membrane disease 
or cerebral palsy.’ 


Though it is unlikely that paediatricians today would 
embark on further investigations of this nature, this was a 
brave effort in the early days of oxygen therapy studies in 
the newborn. 
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Sven Sjostedt graduated first from the University of Malmo (1929) 
and proceeded to Lund where he received his licenciate medical 
degree in 1938 and his doctorate in 1946. He became Assistant 
Professor in the Department of Bacteriology (1946) where he had 
prepared his doctorate thesis on ‘Pathogenicity of certain sero- 
logical types of E Coli’; and in 1948 was appointed Assistant 
Professor in the Department of Obstetrics and Gynaecology. 

He moved to one of Sweden’s six regional hospitals in Linkoping 
as Head of the Department of Obstetrics and Gynaecology, later 
becoming Assistant Medical Head of that hospital. Along with 
other hospital planning he took a major role in the development of 
the new University in Linkoping and is well known as a regular 
contributor to medical literature. He was one of the last citizens to 
be awarded the RNO (Knight of the Order of the Northern Star) 
before such honours were discontinued. 

Professor Gosta Rooth (retired 1984) graduated in 1945, 
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University of Lund. After experience in the Royal Swedish Navy 
and a year in pathology he joined the Department of Internal 
Medicine. In 1949 he initiated a lung function laboratory and soon 
became involved in perinatal research. He moved to Uppsala in 
1973 where his wife was appointed Chairman of the Department of 
Ethnology and where he was appointed to a personal chair in 
perinatal research. He is well known for his work on acid base 
balance and more recently for his contributions along with Albert 
and Renate Huch on percutaneous gas analysis techniques. He has 
travelled widely to study and as visiting professor in centres in 
Europe, the Americas, Asia, and Australia. He has numerous 


publications to his credit and his book Acid Base and Electrolyte 
Balance has been translated into 10 languages. His recent books 
include Roots of Perinatal Medicine (1984) and Perinatal Acid Base 
Balance (1987). He initiated the Scandinavian Congress of Peri- 
natal Medicine and was, at the time of writing, still Chairman of the 
International Federation of Gynecology and Obstetrics Standing - 
Committee on Perinatal Mortality and Morbidity. And yet he 
found time to take an active part in work of his local town council! 
He is an honorary member of the Finnish and Italian Societies of 
Perinatal Medicine and was awarded the Maternity Prize of the 
European Society of Perinatal Medicine in 1980. 
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Neonatal urological ultrasound 


Sir, 

It is a cause for concern that I find the statement ‘all 
patients underwent renography and cystography, with 
anatomical localisation by intravenous urography and 
sometimes antegrade pyelography’, in a paper published in 
1989.1 The obsessive desire for full assessment should not 
override management based on a primary division of 
patients into those requiring early intervention and those 
requiring careful follow up. For example, dilatation of one 
renal tract in a neonate may resolve spontaneously without 
surgery. There is no single imaging pathway that is correct 
for all neonates with urinary abnormalities. Prudence in 
the use of ionising radiation dictates the need for individual 
assessment by surgeon and radiologist followed by the use 
of investigations relevant to the individual problem. 


R K Levick 

Paediatric Radiology Department, 
Sheffield Children’s Hospital, 
Western Bank, 

Sheffield S10 2TH 


Reference 


l? Clarke NW, Gough DCS, Cohen SJ. Neonatal urological 
ultrasound: diagnostic inaccuracies and pitfalls. Arch Dis Child 
1989;64:578-80. 


Dr Clarke comments: 


While we agree that not all cases with urinary tract 
dilatation at birth require early surgical intervention, we 
maintain that in order to be sure which cases are best 
managed conservatively, accurate diagnosis must first be 
made. 

Regarding the example quoted by Dr Levick, we would 
certainly not advocate the full investigation of a neonate 
with a transiently dilated urinary tract. If the dilatation 
persists, however, the information provided by an ultra- 
sound scan is insufficient to provide accurate diagnosis and 
-plan appropriate management. This fact is confirmed by 
the results of our paper. 

We do tailor our investigations to the individual child 
but it is inappropriate to dispense with definite imaging as 
this is the only way to make specific diagnosis. To settle for 
anything less is to adopt a policy of ‘best guess’. This is 
neither appropriate nor safe in current urological practice. 


Sir, 

In a recent paper by Clarke et al investigating neonatal 
urological scanning it was pointed out that this is not 
absolutely reliable and that a number of misdiagnoses 
might lead to major morbidity.! We report a case that 
emphasises the message. 


A girl was born at full term after the antenatal scan had 
shown a multicystic right kidney and a normal left kidney. 
Postnatal scan and intravenous urography showed dilatation 
of the collecting system. She was referred to a regional 
paediatric hospital. There, ultrasound showed a right 
duplex system with dilatation and a large ureterocele and a 
dimercaptosuccinic acid (DMSA) isotope scan confirmed 
this finding with little function in the upper pole. 

She was listed for a right upper heminephrouretectomy 
three months later. At operation she was found to have a 
Wilms’ tumour occupying the right upper calices and she 
underwent nephrectomy. The tumour was of favourable 
histology and as there was no other spread she received 
weekly courses of vincristine only for 10 weeks. 

This case confirms the view that full investigation of all 
antenatally detected urinary tract abnormalities must be 
undertaken to prevent missing cases with a potentially 
lethal outcome. 
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A N CAMPBELL and J R OWEN 
Royal Preston Hospital, 
Sharoe Green Lane, 

Preston PR2 4HT 


Sir, 

Clarke et al are quite correct to emphasise that ultrasound 
alone is rarely enough to initiate treatment of renal tract 
abnormalities detected antenatally.! Their paper, however, 
does not define the precise role of ultrasound and 
underestimates its diagnostic capabilities in experienced 
hands. 

The role of antenatal ultrasound is twofold. Firstly to 
detect abnormalities incompatible with a normal life 
expectancy so that termination of pregnancy can be 
offered. A recent study has shown good specificity of 
ultrasound in this situation.? Secondly to forewarn of 
structural renal abnormalities so that these can be investi- 
gated after birth. The specific cause for renal tract 
dilatation at this stage is not important. 

Postnatally the situation is quite different. Ultrasound 
clearly shows pelvicaliceal and ureteric dilatation, bladder 
volume and wall thickness, the presence of diverticula and 
ureteroceles, and dilatation of the posterior urethra in- 
cases of posterior urethral valves. Dilatation of collecting 
systems does not necessarily infer obstruction and further 
imaging is necessary to exclude reflux or non-obstructed 
dilated systems. Pelviureteric junction obstruction often 
has a characteristic appearance on ultrasound, however, 
and it is surprising that Clarke et al found this abnormality 
to be accurately diagnosed in only 14 of 35 cases. We are 


1341 


1342 Correspondence 


not told what the ultrasound diagnoses in the other 21 was, 
presumably dilatation of unknown cause. Cystic renal 
dysplasia can be accurately diagnosed by ultrasound in 
most cases if the strict criteria of non-communicating cystic 
spaces, which vary in size and number, is adhered to. It is 
well recognised that in a few cases it may be difficult to 
differentiate from hydronephrosis but this is readily 
achieved either by cyst puncture or radionuclide scinti- 
graphy. It is, however, good practice in all cases to perform 
a dimercaptosuccinic acid (DMSA) scintigram to confirm 
total absence of function. 

The place of postnatal renal tract ultrasound is quite 
clear. It should act as a guide to the next examination, 
although in many cases the specific diagnosis will be 
apparent. Tudor and Whitaker have recently described a 
protocol for the detection and management of the dilated 
fetal urinary tract, which is to be commended.’ The 
ultrasound scans should be performed by individuals 
skilled in paediatric ultrasound. In a tertiary referral centre 
one would expect all the scans to be repeated by such an 
individual before the initiation of treatment or further 
investigation. 
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Gall stones in homozygous sickle cell 
disease 


Sir, 
We recently communicated detailed findings on the 
prevalence and risk factors for gall stones in children with 
homozygous sickle cell disease.! The study has been 
repeated to include other sickle genotypes for which there 
are few data,” and this has enabled comparison of gall 
stone prevalence between genotypes. It has also enabled us 
to examine the role of haemolytic rate and mean serum 
bilirubin concentration, which is the prime determinant of 
gall stone prevalence in homozygous sickle cell disease.! 
The children who participated in the Jamaican cohort 
study of sickle cell disease were aged between 6 and 14 
years at the date of the study. Gall stone prevalence was 
determined by real time ultrasound in a cross sectional 
study with informed consent in every case. Details of the 
number of children with each genotype, the total ex- 
amined, and the prevalence of gall stones are given in the 
table. The mean serum total bilirubin concentration for 
each genotype was calculated from steady state values 
obtained at each child’s birthday after four years; this is 
because of the rapid change in haematological indices 
before this age.> 


Table Details of children studied 








Genotype No of No of No (%) Mean (range) 
children in children with gall serum 
cohort Screened stones bilirubin 
study (wmnolll) 
SS 242 218 30 (14) 35 (27-38) 
SBO 11 9 2 (22) 27 (20-35) 
SC 152 138 4 (3) 19 (16-22) 
SBt 33 25 0 15 (12-17) 





Gall stones were more common in homozygous sickle 
cell (SS) than sickle cell/haemoglobin C (SC) disease 
(x?=9-7, p<0-01), but other differences in prevalence were 
not significant. Gall stone prevalence was unreliably 
estimated in sickle cell/B (SB) thalassaemia due to small 
patient numbers. Mean serum bilirubin concentrations 
varied by genotype in a similar manner to gall stone 
prevalence, and data from the cohort study have shown 
differences by genotype in mean haemoglobin and 
reticulocyte count consistent with variation in haemolytic 
rate.* Our data indicate that haemolysis, mean bilirubin, 
and gall stone prevalence vary by sickle genotype, and that. 
the risk of gall stones is low in children with SC disease and 
SB* thalassaemia. 
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Haemophilus influenzae type b disease 
in the Oxford region 


Sir, 
Tudor-Williams et al report an incidence of systemic 
Haemophilus influenzae type b disease in children less than 
5 years of age of 33-4/100 000.! This was determined from 
a detailed laboratory based study in the Oxford region and 
they urge others to set up similar prospective studies. 
I have examined Hospital Activity Analysis (HAA) data 
for all deaths and discharges for H influenzae meningitis 
(ICD Code 320-0) and acute epiglottitis (ICD Code 464-3) 
in the South Western region from 1976-86 and 1979-86 
respectively. These two groups accounted for 80% of all 


invasive H influenzae type b disease in those under 5 in 
the Oxford study. A total of 268 cases of meningitis and 
118 cases of epiglottitis were identified. The annual 
incidence rate for H influenzae meningitis in children less 
than 5 years of age was 14-1/100 000 (compared with 23-6/ 
100 000 in Oxford) and 8-6/100 000 for epiglottitis, similar 
to that found in Oxford. Over the last four years, however, 
the incidence rate for H influenzae has been 18-1/100 000, 
which may represent an improvement in data collection. If 
immunisation will prevent 85% of systemic H influenzae 
type b disease? the impact of such a programme will be 
detectable by monitoring HAA data. The Communicable 
Disease Centre at Colindale already collect details of 
invasive H influenzae disease. Local surveillance could also 
include scrutiny of statutory notifications and death 
registrations. It would seem that information systems 
already in place should be able to monitor the effectiveness 
of introducing immunisation for H influenzae. 
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Effect of clonidine on serum 


gonadotrophin concentrations 

Sir, 

Clonidine, an alpha, adrenergic agonist and a potent 
stimulator of pituitary growth hormone release, is being 
used in the treatment of short children in some centres.’ 
Clonidine also causes release of luteinising hormone in 
rats, however, and restoration of suppressed luteinising 
hormone pulsatility.77 This observation could have 
important implications for the treatment of short children 
because clonidine might induce puberty. We report the 
effects of clonidine on serum gonadotrophins in normal 
subjects. 

Clonidine (0-15 mg/m? orally) was given at 09.00 (time 
0) to eight healthy adult men volunteers and placebo to 
one subject. Twelve blood samples to measure luteinising 
hormone and follicle stimulating hormone were drawn at 
15 minute intervals between —45 and 120 minutes through 
an indwelling venous cannula. Blood pressure was deter- 
mined every 15 minutes throughout the test. The blood 
samples were centrifuged and the serum stored at —20°C 
until assay. Luteinising hormone and follicle stimulating 
hormone assays were performed by immunoradiometric 
assay kits from the North East Thames Regional Immuno- 
assay Scheme in duplicates and the concentrations were 
measured as IU/I. 
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Table Effects of clonidine on serum luteinising 
hormone and follicle stimulating hormone. 
Values are mean (SD) 








Luteinising Follicle 
hormone stimulating 
(IUII) hormone (IUII) 
Study group (n=8) 
Basal 4-2 (1-1) 4-4 (1-7) 
Peak after clonidine 5-1 (1-5) 4-3 (1-7) 
Control (n=1) 
Basal 2-6 (0-7) 2-5 (0-6) 
Peak after clonidine 2-4 (0-5) 2-6 (0-5) 





No significant decrease in blood pressure was observed. 
The results shown in the table clearly show that, clonidine 
does not have any effect on gonadotrophin concentrations. 

Alpha, adrenergic blockers reduce the frequency of 
luteinising hormone pulses and suppress pulsatile release 
of luteinising hormone in animals, implying that the major 
effect of the alpha adrenergic system is to stimulate 
gonadotrophin releasing hormone release.* When cloni- 
dine was administered to rats with abolished luteinising 
hormone pulsatility, it re-established luteinising hormone 
pulsatility and increased the secretion of luteinising 
hormone. ? The affinity of clonidine for the alpha, 
receptor is 70-500 times weaker than its affinity for alpha, 
receptor but it shows an effect on alpha, receptors 
when given in large doses.° 

The reason why clonidine affected luteinising hormone 
pulsatility in the rats was that it was given in large doses. 
The small doses used in this study were effective on the 
alpha, receptors with no apparent effect on luteinising 
hormone pulsatility. 
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Antenatal diagnosis and treatment of 
congenital adrenal hyperplasia due to 
21-hydroxylase deficiency 


Sir, 
Techniques of molecular biology have advanced to the 
point where we estimate that chorion villus biopsy can be 
informative for antenatal diagnosis of congenital adrenal 
hyperplasia due to 21-hydroxylase deficiency in over 95% 
of cases. This offers the possibility of treating mothers, 
who have previously delivered an index patient, with 
dexamethasone to prevent ambiguity of the genitalia of a 
potentially affected female fetus. 

We are now in a position to offer this service to clinicians 
who are invited to contact us if we can be of assistance to 
them. 


T STRACHAN and D A PRICE 
St Mary’s Hospital, 
Hathersage Road, 
Manchester M13 0JH 


C G D Brook and G Rums3y 
Middlesex Hospital, 

Mortimer Street, 
London WIN 8AA 


Educating medical students about 
death and dying 


~ Sir, 
I read with interest the paper by Black ef al on educating 
medical students about death and dying.' 
Most students recognise the need for a course which 
equips them to deal with the needs of dying patients and 


their families and the subject is clearly worthy of a place in 
the already packed undergraduate curriculum. It seems 
unfair, even unkind, for a junior doctor to have to go 
through the ordeal of a consultation with the family of a 
terminally ill patient if he has not had the advantage of 
prior experience. 

In my preclinical psychology course the subject was 
touched upon and, even at that stage, provoked lively 
discussion and debate. However, it was the ‘communica- 
tions course’ which aroused the true feelings and emotions. 
This course is a challenging (and exhausting!) week of 
seminars, mini-lectures, group discussions, video teaching 
sessions, and role playing. Although aimed at learning 
general ‘communication’ skills—such as interviewing—the 
course inevitably included the setting of the terminally ill - 
patient. Actors were brought in to help students learn 
about the breaking of bad news. Valuable feedback 
sessions enabled students to correct mistakes, such as 
distancing tactics, and to recognise scope for improvement. 

Surely such a course is an essential component of the 
clinical curriculum. With the use of a range of teaching 
methods, medical students will have the chance to develop 
techniques in talking to dying patients and their families. 
Above all, the initial hurdle will have been jumped and the 
scene set for added understanding, trust and empathy in 
the doctor-patient relationship. 
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Annotation 


Consent for children and 
intellectual handicap 


Every day paediatric practice probably raises a few 
queries concerning consent. Parents give their con- 
sent by proxy, based on what they believe is best for 
their child, determined largely by medical informa- 
tion and family custom. But there are several well 
known conundrums: there is the child with no living 
parents, the abandoned, handicapped child in the 
long stay hospital, the child in foster care, and the 
child who is at risk from his own family. There is 
also the child who cannot have blood transfusions 
for religious reasons. An unaccompanied minor is 
the term for a child refugee who may well have 
parents but in the havoc of war has become 
detached and is alone in a foreign country. Most of 
these situations are resolved by relying on precedent, 
and in the minority, by the use of legal procedures 
such as wardship or reception into care. 


Current dilemmas concerning consent 


Several incidents in the last 10 years have caused 
concern. There is the debate on how much informa- 
tion is necessary for consent to be fully informed, 
the question of minors who wish to give consent for 
contraception but expect confidentiality, and the 
dilemma of those who have reached their majority 
but remain unable to consent because of intellectual 
handicap.' Then there is the question of who can 
consent when the operation has eugenic overtones, 
such as sterilisation or abortion of both minors and 
adults who are unable to consent. 


The child with intellectual handicap 


Consent by proxy from caring parents will be the 
norm for intellectually handicapped children under 
16 years, but if necessary the child can be made a 
ward of court or be received into care. While the 
srocedures are no different for the handicapped 
child and his or her parents, there may be particular 
lifficulties because of the presence of handicap. 
Parents, for example, may have difficulty in decid- 
ng to consent to a life saving operation on a 


adolescents who have an 


multiply handicapped child, either at birth or later 
on. The outcome of standard surgical or medical 
intervention may be unclear because of the handi- 
caps or parents may be asked for permission to 
involve their handicapped child in research proce- 
dures. Perhaps the most iniquitous of all is that they 
may be asked to sign a compulsory prospective 
‘cover all’ consent form if their child is admitted to 
residential care, either for respite or permanently, 
These forms, of doubtful validity, cover anything 
from emergency medical treatment to horse riding 
and effectively pass day to day decision making to 
the professional care givers, who thus become both 
judge and jury. 

The well versed non-accidental injury procedures 
do not always apply to handicapped children, partly 
because the norms of adequate care are often 
unclear and also because there may be no alterna- 
tives to parental care. The author well remembers a 
14 year old child who had been trussed for days on 
the floor of the family home as the only means to 
stop him biting others. Despite every effort no 
procedure for non-accidental injury followed as it 
was known that hospital care was unacceptable to 
the family and no other facility was available. 


Consent and legal competence 


The law states that at 16 years the adolescent may be 
considered autonomous and legally competent to 
make decisions for himself, but the 16th birthday 
should be considered only as a mean age for the 
development of those decision making powers. 
Some will be competent earlier and some later and 
simple decisions will be made earlier than complex 
ones. Perhaps the 16 plus child is allowed his choice 
when this accords with parental wishes but not when 
it doesn’t! However, others over 16 with intellectual 
handicap may never develop the understanding 
necessary for consent and it is on this last group that 
the spotlight has now been focused. Parental con- 
sent becomes invalid in law at the age of 16 years but 
no one else can give legally valid consent. This 


1529 


1530 Bicknell 


vacuum in the law is relevant to those with 
developmental intellectual handicap, those with 
severe head injuries, and those damaged by long 
standing mental illness or dementia.” 


The search for a solution 


The Mental Health Act (1959) dealt with involun- 
tary detention in hospital and provided safeguards 
for mentally ill and mentally handicapped people so 
detained, as well as facilitating the development of 
community care. The sections on treatment without 
consent related to mental illness only. 

This act of 1959 repealed a long series of acts to do 
with mental illness and intellectual handicaps, and 
in so doing the act revoked the Royal Prerogative 
whereby the Sovereign could act as ‘parens patriae’ 
and could issue a warrant to allow someone who was 
legally incompetent to receive necessary treatment 
or management. The last Royal Warrant was so 
issued in 1960. 

It was hoped that the guardianship order in the 
1959 act, a new concept in care, might take the place 
of that Warrant. The guardian (who could be a 
parent) was expected to treat the handicapped 
person as a young teenager and could sign consent 
forms on his behalf in addition to undertaking other 
parental duties. Very few guardianship orders were 
effected as prospective guardians were usually 
personnel of social services and the workload was 
seen to be substantial. In addition the law was little 
understood by parents who saw no reason to apply 
to be guardians as they continued to sign consent 
forms, which were acceptable to those who required 
them, neither party knowing that the system was of 
no legal standing. This mistake was often com- 
pounded by the use of a paediatric type of consent 
form, thus adding infantilism to invalid paternalism. 

The Mental Health Act (1983) which replaced the 
1959 act, produced restrictions on the role of 
guardians who could no longer sign consent forms, 
and the group of people with intellectual handicap, 
eligible for guardianship, was now limited to those 
who had abnormally aggressive or seriously irres- 
ponsible behaviour, the so called mentally impaired. 

The National Assistance Act (1948) Section 47 
can only be used to remove adults from their home 
against their will when there is total squalor in their 
living conditions and usually remediable illness. This 
act therefore has nothing to offer in the debate on 
consent. 

The Court of Protection rules have been ex- 
amined but this was set up to provide financial 
management for those who could not be personally 
responsible for their own affairs. 

Neither does it seem sensible to rely on the 


‘double negative’ declaration that a judge can give, 
that it would ‘not be unlawful’ to proceed with 
medical intervention. This is a way around the 
accusation of ‘battery’ that might follow if there is 
no consent and someone chose to contest the 
rightness of the intervention.? 

While advocacy seems to be a possible solution, 
there are very few trained advocates available so far 
and the British model is that of a social best friend, 
rather than an advocate in law.* 


The present situation for those over 16 
who cannot give consent 


With better lifestyles for those with intellectual 
handicap, involving choice making, taking risks, and 
standing by the consequences of personal decisions, 
many who are mildly, moderately, and even sever- 
ely handicapped can make a simple choice if the 
situation is explained to them in terms they under- 
stand by someone they know and trust. Their 
vulnerability, however, must never be exploited by 
the unscrupulous who, by undue persuasion, may 
bias the choice that is made. Research is now.being 
focused on the characteristics of the dialogue that 
allows maximum transfer of information and under- 
standing. 

There are times, however, when consent given by 
the handicapped person needs to be overruled. Such 
a person may feel very strongly about a certain 
matter and express their views but may not be able 
to see the full implications of what they are saying. 
They may have difficulty in long term planning and 
can only see the immediate future. The need to 
move from home when parents can no longer care 
may be essential, for example, but may be in direct 
opposition to the views of the handicapped person. 
They may refuse to consent to an operation on the 
basis that it might hurt. When such intervention is 
imperative and not controversial this lack of consent 
may be overridden using the doctrine of necessity. 

At other times, naivety of the handicapped person 
may be misused in procedures that are nothing more 
than deceitful. Seclusion in a locked room is by 
definition done without consent and is a procedure 
that is safeguarded by rules and regulations in every 
district health authority. Some residences have a 
system whereby two door handles must be used 
simultaneously to open the door of such a room. If. 
the client cannot operate the two door handles, then 
he is effectively secluded but may not be protected 
by the rules, an exploitation of his simplicity. 

The position that we are in at present is clearly 
unsatisfactory. A substantial minority of people with 
intellectual handicap will never be able to give 
consent for themselves by virtue of the severity of 
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their handicap or because of superimposed mental 
illness. The legal vacuum seems absolute and yet it is 
so little understood that time wasting procedures, 
such as asking parents to sign consent forms for 
adults, still continue. In the absence of consent of 
the person with intellectual handicap, the doctor 
acts ‘in good faith’ and shows ‘a duty of care’. This 
applies to all care givers throughout the service and 
not only to the medical profession. It is, of course, 
good practice to obtain the agreement (but not the 
consent) of the next of kin, but there is no reason to 
hold up an emergency intervention until a relative 
can be found. 

Where several lines of action are reasonable and 
possible and there is disagreement between the care 
giver and the family, then the care giver would be 
wise to seek further professional opinion with the 
family and to proceed cautiously. Often these issues 
are more social than medical—for example, about 
moving from long stay hospital to a house in the 
community, about expression of sexuality, and 
about risk taking in sporting holidays or road 
crossing programmes. 

Most medical interventions are non-controversial 
but for high risk or doubtful outcome procedures the 
surgeon or physician would be wise to proceed only 
when he has the backing of a second or even a third 
professional opinion. Should the procedure involve 
research, with little or no benefit to the patient, be 
controversial, or have social as well as medical 
repercussions,” ‘such as sterilisation with or without 
abortion, full consultation with the legal profession 
and with the ethics committees are essential. With- 
out this the medical profession must expect to be 
confronted by non-medical personnel and those 
representing the human rights movements, what- 
ever the age of the patient. 


The age of enlightenment 


The vast majority of consent dilemmas can be 
overcome by resorting to wider medical consulta- 
tion, involving the family, ethics committees, and 
occasionally the law, but alot is left to the discretion 
of the caring personnel. There is, however, reason 
to hope for legal clarification soon.’ In a recent case 
where sterilisation was requested for a women with 
profound intellectual handicap and where the 
medical opinions for sterilisation were almost unani- 
umous, responsibility for the ultimate decision was 
passed from the High Court to The Court of Appeal 
and thence to The House of Lords. It is to be hoped 
that out of this expensive and time consuming 
exercise, rules will soon emerge that can be used in 
future similar situations. It may be that a hierarchial 
system is developed whereby straightforward deci- 


sions of minor import are decided at the grass roots 
level and with involvement of the family. Decisions 
of greater complexity may be dealt with at the level 
of the district health authority and the most complex 
by a committee with medical, legal, ethical, and lay 
representation. A similar committee is already set 
up in New York.? Whatever the details, almost 
certainly the overriding philosophy will be to ‘act in 
the best interests of the patient’, however complex 
are the variables. 

It must, of course, remain essential that the 
decision for one patient will not become the slippery 
slope for others. It is important that controversial 
decisions are not promoted on the basis of racial 
hygiene: it is a matter of ensuring that people who 
are legally incompetent have the best possible 
decisions made for them in the light of current 
knowledge. 


Action that can be taken now 


There is much to be done with what we know 
already. Each health authority should ensure that 
day to day procedures, in the accident and emer- 
gency department for example, acknowledge the 
rights of the patient, understand the concept of legal 
competence, the role of the care giver, and the 
decision making responsibility of the doctors. Ex- 
planation and education for medical students, doc- 
tors, and nurses are essential. A leaflet on every 
notice board in wards and departments, given to all 
new doctors and put in outpatient letters where the 
patient is known to be legally incompetent can 
outline the current situation and where to go for 
advice (TR Gould, J Bicknell, unpublished). Each 
health authority must be encouraged to adopt 
whatever procedure emerges from the current legal 
deliberations. Most ethics committees look at only 
research at present, but may in the future be 
required to look at clinical decisions in the absence 
of consent. Above all, the. practicalities need to be 
so straightforward for outpatients and inpatients at 
ward and departmental level that legal incompe- 
tence does not become yet another reason for those 
with intellectual handicaps to be seen as awkward 
customers of the health service. 
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The Resuscitaire 165 provides all the 
basic facilities necessary to help 
babies born with breathing difficulties 
survive the immediate post-natal 
period. Its compact, self contained 
construction makes it easily mobile for 
use in the ward or theatre. It’s 
comprehensive facilities makes the 
Resuscitaire 165 a totally practical 
and comprehensive resuscitation 
system. 
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The Neocrib is an alternative clinical 
approach to the incubator for the 
intensive care of the sick and preterm 
neonate. It provides continuous 
unrestricted access, clear visibility and 
a safe controlled thermal neutral 
environment. Built in features include 
sophisticated temperature control, 
large clear digital displays, fold down 
side walls, continuously variable bed 
tilt, two monitor shelves and IV pole 
and X-ray cassette tray. 


The Neocare Mk2 incubator available 
in both air and baby modes, provides 
the safe, warm environment, essential 
in caring for the critical neonate. In 
addition to the standard bi-directional 
air flow system, independent 
temperature control and 
measurement, and comprehensive 
alarm system there is a wide range of 
optional accessories available which 
can tailor the Neocare for handling 
any situation in neonatal care. 
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Indications 

Virazid is indicated in the treatment of infants 
and children with severe respiratory syncytial 
virus bronchiolitis. 


Dosage 

Treatment is carried out using a small particle 
aerosol generator (SPAG ) for 12-18 hours per 
day for at least 3 and no more than 7 days. The 
concentration of ribavirin in the reservoir is 
20mg/ml in the SPAG unit and the average 
concentration for a 7 hour period is 0.19mg 1 
of air. 


Presentation 

Virazid is a sterile lyophilised powder of ribavirin 
to be reconstituted for aerosol administration. 
Each 100ml glass vial contains 6g of ribavirin 
and. when reconstituted to the correct volume 
of 300ml with Water for Injections BP, will 


contain 20mg/ml ribavirin at a pH of 
approximately 5.5. 


Contra-Indications 

Ribavirin is contra-indicated in females who are 
or may become pregnant and it should be noted 
that ribavirin can be detected in human blood 
even four weeks after oral administration has 
ceased. 


Precautions 

In infants requiring assisted ventilation, Virazid 
should only be used when there is constant 
monitoring of both patients and equipment. 


Side Effects 

Several serious adverse events occurred in 
severely ill infants with life-threatening 
underlying disease many of whom required 





assisted ventilation. These events included 
worsening of respiratory status, bacterial 
pneumonia and pneumothorax. The role of 
ribavirin aerosol in these events has not been 
determined. 

Anaemia has been reported with oral and 
intravenous administration but no such 
incidents have been reported with aerosol 
administration. Reticulocytosis has been 
reported with aerosol use. 

Warnings 

Precipitation of the drug in respiratory 
equipment and consequent accumulation of 
fluid in the tubing has caused difficulties for 
Patients requiring assisted ventilation. 

In infants requiring assisted ventilation Virazid 
should only be used when there is constant 
monitoring of both patients and equipment. 





Directions for use during assisted ventilation are 
given in the SPAG manual which should be read 
carefully before such administration. 


Full prescribing information is available upon 
request 
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Original articles 


Serial °’"™Tc dimercaptosuccinic acid (DMSA) scans 
after urinary infections presenting before the age 
of 5 years 


I G VERBER* AND S T MELLER*+ 
*Queen Mary’s Hospital for Children, Carshalton and tRoyal Marsden Hospital, Sutton 


suMMARY Forty five children presenting with a first proven urinary tract infection under the age 
of 5 years were studied by sequential °""Tc dimercaptosuccinic acid (DMSA) scans. Forty nine 
kidneys in 40 children had definite defects at presentation, and 39 (80%) of these defects were 
still present when the DMSA scan was repeated. Changes in the appearance of defects were 
independent of the presence or degree of reflux at presentation and of symptomatic recurrence of 
infection, though the combination of new infection and grade 3 reflux (reflux reaching the renal 
calices with distension) was associated with deterioration. No kidney with a relative DMSA 
uptake of less than 35% showed any improvement in its cortical defects. Only two kidneys that 
were initially without defects, in. a single patient who had bilateral grade 3 reflux and 
breakthrough infections, developed defects on subsequent scans. 

The outcome after urinary tract infection is dependent on the effect of the first infection on the 
kidney. Occasionally children with grade 3 reflux develop damage during subsequent infections. 
More widespread use of DMSA scans should improve our understanding of the factors that 
determine the development of renal damage. 


Urinary tract infections in young children, particu- 
larly when they are associated with vesicoureteric 
reflux, can lead to renal scarring! ° and subsequently 
to renal dysfunction and hypertension.? The diffi- 
culty of recognising vesicoureteric reflux before the 
first urinary tract infection has focused attention on 
the prevention of new scarring after the first 
infection.* It is uncertain how much scarring is 
sustained at the time of first infection, and how 
much is the result of repeated infections and thus (in 
theory) preventable. Serial studies of kidneys have 
used excretory urography® © but as this technique 
can take up to two years to show the full extent of 
scarring® ? it makes the positive identification of 
new scars difficult. °™Te dimercaptosuccinic acid 
(DMSA) scans are more sensitive for detecting early 
renal defects, especially in the under 5 age group,’ ? 
and the relative uptake of DMSA can be measured 
to give an objective measurement of renal function 
in unilateral damage. The appearance of new 
defects on subsequent scans is likely to be due to 
new lesions rather than the contraction of original 
scars by fibrosis, as shown by excretory urography. 


We have now carried out second DMSA scans on 
45 children who were originally scanned shortly 
after a first urinary tract infection, and we report the 
changes. 


Patients and methods 


Over a three year period (1982-4) 115 children 
under the age of 5 years presented with a symptoma- 
tic, microbiologically proved, urinary tract infec- 
tion. None of the children had a history of previous 
urinary tract infections or of recurrent fevers of 
unknown origin. A DMSA scan was performed as 
part of an investigation protocol that also included 
intravenous urography and ultrasonography, and 
micturating cystourethrography in selected patients. 
The methods and the results have been reported 
previously.” 

Thirty nine of the 115 children, and a further six 
children seen since 1984 who also presented with a 
first symptomatic urinary tract infection, have now 
had further DMSA scans and this was the criterion 
for inclusion in this study. The decision to repeat the 
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scan was taken on clinical grounds by the child’s 
clinician, and reasons included an abnormal first 
DMSA scan, and detection of vesicoureteric reflux 
or further urinary tract infection, or both. There 
were 15 boys and 30 girls. All of them had had a 
micturating cystourethrogram and a DMSA scan 
within a month of presentation. In addition all had 
either an ultrasound scan or an intravenous uro- 
gram, and 18 had both. 

The mean age at the time of the first scan was 2-04 
years (range 12 days to 4-9 years) and at the time of 
tke second scan 4-29 years (range 33 weeks to 9-5 
years). The mean interval between scans was 2-25 
years (range 25 weeks to 6:3 years). 

Reflux seen on the micturating cystourethrogram 
was recorded on a scale of 1 to 3 (grade 1—confined 
te the ureter; grade 2—reaching the renal calices, 
without distension; and grade 3—reaching the renal 
celices, with distension). All children with reflux 
received continuous prophylactic antibiotics in the 
period between the two DMSA scans or, in 17 cases 
where reflux’ was corrected surgically, until six 
months after operation. 

The results of the DMSA scans were reviewed 
without knowledge of other imaging results or of the 
clinical course. Each kidney was classified as being 
abnormal (showing a definite cortical defect or 
having diffuse abnormality of DMSA uptake), as 
having a possible cortical defect, or as being normal. 
The finding of diffuse abnormality was recorded 
independently of the relative percentage uptake. 
The kidneys on the second scan were similarly 
classified and in addition assessed as deteriorated, 
unchanged, or improved, compared with the first 
scan. Relative DMSA uptake was measured in 89 of 
the 90 scans performed. 


Results 


In the 45 children the initial cystogram showed 15 
had no reflux, 11 had unilateral reflux, and 19 


Table 1 Change in appearance of scan in 90 kidneys 





bilateral reflux. Of the 49 refluxing kidney units 
eight had grade 1, 18 had grade 2, and 23 had grade 
3 reflux. Seventeen children had operations to 
correct reflux in 27 kidneys, including 12 with grade 
3 reflux. Cystography was not repeated as part of 
the study except when clinically indicated (when 
operation was being considered or before stopping 
antibiotic prophylaxis). 


KIDNEYS THAT INITIALLY SHOWED DEFINITE 
ABNORMALITIES 

Forty nine kidneys in 40 children initially showed 
abnormalities. Forty of them (80%) still showed 
defects at follow up. Eight defects were improved 
but still definite, 28 were unchanged, and four had 
deteriorated. The remaining nine kidneys had no 
defects at follow up. The time between scans in this 
group was significantly shorter than in those kidneys 
where the defects persisted (median time 0-7 years 
compared with 2-5 years, p<0-01 Mann-Whitney U 
test). None of the children whose renal defects 
resolved had breakthrough infections compared 
with 11 in children with persisting defects. This 
difference was not significant. There was no associa- 
tion between changes in the appearance of the 
kidneys on the DMSA scans and the presence or 
degree of reflux at presentation. 


‘KIDNEYS THAT INITIALLY SHOWED POSSIBLE DEFECTS 


Nine kidneys initially showed possible defects. The 
uptake of DMSA in those with contralateral normal 
kidneys was in the normal range of 43-57% (median 
50-5%) and was significantly higher than kidneys 
with definite defects (median 40% p<0-01 Mann- 
Whitney U test). Three of the defects had dis- 
appeared on subsequent scanning, and the six that 
persisted remained equivocal, none showing 
deterioration into definite defects. For the purpose 
of this analysis we have reclassified these kidneys as 
normal and included them with the 32 kidneys with 
no defects. 

















Outcome Breakthrough infection (n=26) No breakthrough infection (n=64) Total 

Reflux No reflux Reflux No reflux 

(grade 3) (reflux surgically (grade 3) (reflux surgically 

corrected) corrected) 

No defect on either scan 4 (1) 7 (2) 3 (1) 25 (7) 39 
Resolved or improving defect 2 (2) 0 2 (0) 13 (4) 17 
Unchanged defect 2 (2) 7 (6) 5 (1) 14 (8) 28 
Deteriorating defect 1 (1) 1 (0) 1 (1) - 1 (0) 4 
New defect 2 (2) 0 0 0 2 
Total 11 (8) 15 (8) 11 (3) 53 (19) 90 
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KIDNEYS THAT INITIALLY LOOKED NORMAL 
Forty one kidneys initially looked normal; five 
children had two normal kidneys and 31 had one 
normal kidney. Thirty two kidneys had no reflux, or 
reflux that was subsequently surgically corrected, 
and seven of these had been exposed to break- 
through infection. Three kidneys had uncorrected 
reflux (two had grade 2, and one had grade 3) but 
there were no breakthrough infections. None of 
these 35 kidneys developed defects. Six kidneys had 
breakthrough infections in the presence of reflux 
(three had grade 1, and three had grade 3). Two of 
these latter kidneys (in the same child) developed 
widespread defects. 

The outcome in the 90 kidneys is shown in table 1. 
There was no correlation between -changes in 
appearance between the two scans and the presence 

. of reflux alone, ‘or in the occurrence of break- 
through infection alone, but kidneys with grade 3 
reflux and breakthrough infection were at greater 
risk of deteriorating (three of eight kidneys) than 
those without this combination (three of 82) 
(p=0-001, Fisher’s exact test, two tailed). 


CHILDREN WITH UNILATERAL DEFECTS 
When one kidney was normal by all imaging 
techniques (DMSA scan together with intravenous 
urography or ultrasound scan, or both) it was 
reasonable to assume that this kidney was also 
functionally normal and therefore any reduction in 
relative DMSA uptake by an affected contralateral 
kidney was considered to indicate an absolute loss of 
function. There were 30 children with abnormal 
DMSA scans of one kidney who met this criterion 
and in whom the divided DMSA uptake was 
measured. There was a close association between 
DMSA uptake in kidneys at the first and at the 
second scan (figure) indicating that the lesion 
sustained at the first infection was the main deter- 
minant of functional outcome. 

There was no difference in mean relative uptake 


of DMSA at the first scan in kidneys with all grades 
of reflux (n=16, median 39%), or with grade 3 
reflux (n=9, median 40%), compared with those 
without reflux (n=14, median=42-5%). 

There was no difference between the mean 
relative uptake by kidneys at the first scan and the 
subsequent scan either in the group as a whole or 
when they were classified by the presence or degree 
of reflux, or the occurrence of breakthrough infec- 
tion during the follow up period (table 2). 

There was a significant difference between the 
initial mean uptake of DMSA by those kidneys in 
which cortical defects subsequently improved com- 
pared with those that showed no improvement 
(p<0-05, Mann-Whitney U test). No kidney with an 
uptake of less than 35% showed any improvement 
of associated cortical defects. 
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Figure DMSA uptake at first and subsequent scans in 
kidneys with unilateral renal defects (n=30). Solid line, x=y 
(r 0-938, p<0-001); dashed line, lower limit of normal (42% 
uptake). 


Table 2 DMSA uptake at first and subsequent scans in 30 kidneys with unilateral defects 











No of Mean percentage uptake Difference SEM p Value 
kidneys —— between 
First Second means 
scan scan g 
Breakthrough 7 36-3 36 0-29 2-14 >0-8 
All reflux 8 41-6 40-1 ~0-25 1-96 >0-9 
Grade 3 reflux 5 39 38-8 0-2 3-18 >0-9 
Grade 3 reflux plus breakthrough 3 42-3 43 0-66 1-46 >0-6 
All kidneys 30 37:2 38 0-76 0-73 >0-3 





Reflux includes only those that were not surgically corrected. 
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Discussion 


When cortical defects are present on initial DMSA 
scans there is a high risk of permanent damage to 
the kidney. It has been suggested that some defects 
seen on scans carried out within three months of a 
urinary tract infection may be transient!© and this 
has led to the idea that scans should not be carried 
out within this period.!! In our series 80% of such 
changes persisted. We believe that waiting for three 
months before carrying out a scan is undesirable, as 
iz will result in delay in identifying children with 
kidneys at risk. 

The transient defects probably represent focal 
bacterial nephritis that resolves; . recent experi- 
mental work has shown that kidneys with defects on 
DMSA scan after infection and reflux always have a 
corresponding pathological lesion, but this is not 
always permanent. 

We examined the hypothesis that defects may 
disappear when there is a long interval between the 
scans, but—on the contrary—the findings showed 
that these children had been rescanned at shorter 
intervals than those children whose defects persisted 
and that disappearance of defects would therefore 
seem to be independent of the interval between 
scans. 

The follow up scans showed that equivocal corti- 
cal defects are unlikely to be associated with long 
term renal damage. This makes the scans easier to 
assess, as minor variations in cortical outline (which 
may represent fetal lobulation) can be interpreted as 
normal by the radiologist. 

This series has confirmed that kidneys that were 
not damaged by a first infection may occasionally 
develop appreciable scarring after subsequent infec- 
tions as has been previously described,’ ° but in our 
series this was only seen in one child who had 
bilateral grade 3 reflux. The reason that we found so 
few new scars might be because DMSA scanning is 
more sensitive in detecting initial parenchymal 
changes than intravenous urography, upon which 
earlier studies depended.» 

Most renal defects remained unchanged regard- 
less of features on presentation or the subsequent 
clinical course. This suggests that for most kidneys 
the initial infection determines the subsequent 
degree of damage, and later breakthrough infection 
makes little difference if grade 3 reflux is not also 
present. This supports the work of Ransley and 
Risdon, who suggested that those kidneys susceptible 
to parenchymal infection because of their papillary 
morphology will become damaged at the first 
infection (the so called ‘big-bang’ theory).’ 

Where renal damage was unilateral, the initial 
relative DMSA uptake was a useful guide to later 


outcome, and no kidney with a relative uptake of 
less than 35% recovered. When relative uptake was 
in the accepted normal range (43-57% '*), however, 
kidneys could show either temporary or permanent 
defects. There are limitations to the use of relative 
DMSA uptake because ipsilateral deterioration 
cannot be distinguished from contralateral com- 
pensatory hypertrophy’ and the measurement is of 
little value in the presence of bilateral disease. The 
recently described technique for measurement of 
absolute uptake of DMSA in each kidney will allow 
more precise quantitation of the progress of an 
individual kidney and allow functional assessment of 
bilateral impairment.’ An interesting feature of our 
original cohort was the high incidence of defects in 
the absence of reflux.” Twelve of these 26 kidneys 
had persistent defects on repeat scans, in six the 
defects improved, and eight have not been rescan- 
ned. Assuming that there were no false negative 
micturating cystourethrograms, this suggests that at 
least 18% of permanent renal defects develop in the 
absence of reflux compared with the 2% previously 
reported in a study in which intravenous urography 
was accepted as the standard.!° 

Further studies of the genesis of renal scarring by 
DMSA scans, including measurement of absolute 
DMSA uptake, will improve our understanding of 
the factors that determine the development of 
chronic pyelonephritis. The present uncertainty 
about the natural history of renal scarring is 
resulting in a worrying lack of consensus among 
paediatricians about the investigation and manage- 
ment of urinary tract infections.1? More widespread 
availability and use of DMSA renal scans should 
help to resolve some of the unanswered questions. 


We thank the consultant paediatricians of Merton and Sutton, mid 
Surrey, and east Surrey health authorities for referring their 
patients for investigation, and Dr VR McCready and the staff of 
the department of nuclear medicine, Royal Marsden Hospital, for 
carrying out the scans. 
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Vesicoureteric reflux: screening of first degree 
relatives . 


V K AGGARWAL AND K VERRIER JONES 
Department of Child Health, Royal Infirmary, Cardiff 


SUMMARY Thirty three healthy infants and children with a family history of reflux nephropathy 
or vesicoureteric reflux in first degree relatives were screened for upper urinary tract 
abnormalities (renal scarring or pelvicaliceal dilatation) using ultrasound scanning or in- 
travenous urography, or both. In addition, micturating cystourethrography was carried out in all 
infants and children under 2 years old (n=20) and in children over 2 years old in whom 
abnormalities of the upper renal tract (renal scarring) had been found (n=3). Upper renal tract 
abnormalities were found in four of the total of 33 children (12%) and vesicoureteric reflux in 12 
of the 23 who underwent micturating cystourethrography (52%). Screening of infants and 
children was acceptable to parents. This approach has enabled the diagnosis of vesicoureteric 
reflux to be made in an appreciable number of children before the development of urinary tract 
infections and reflux nephropathy. Prospective follow up of this group will provide more informa- 


tion about the natural history of sterile vesicoureteric reflux. 


The association of vesicoureteric reflux, urinary 
tract infection, and reflux nephropathy is well 
established.! Reflux nephropathy is thought to 
account for at least 10% of cases of end stage renal 
disease.” This may be an underestimate, as reflux 
nephropathy is commonly underdiagnosed. The 
incidence of hypertension in children with reflux 
nephropathy is between 5% and 30%.°> 4 In infants 
with vesicoureteric reflux renal damage commonly 
follows urinary tract infection. When vesicoureteric 
reflux is diagnosed in an infant after the first urinary 
tract infection scarring in susceptible areas of the 
kidney may already be developing so that attempts 
to prevent renal damage by giving prophylactic 
antibiotics or by reimplanting the ureters are made 
after the initial damage has occurred. Late pre- 
sentation of patients with end stage renal disease as 
a result of reflux nephropathy is common, and some 
have little or no history of preceding urinary tract 
infection. In these children, the urinary tract 
infection may have been present but undiagnosed 
or, alternatively, damage may have been caused by 
sterile vesicoureteric reflux.° As vesicoureteric 
reflux is normally detected after the presenting 
infection there has been little opportunity to observe 
the natural history of sterile vesicoureteric reflux in 
children. / ; 

There have been a number of reports indicating 


the familial nature of vesicoureteric reflux.” Investi- 
gation of the HLA system has shown that haplo- 
types A2-B8 and A9-B12 occur more commonly in 
children with reflux nephropathy.® ° Because of the 
evidence in favour of a familial tendency for vesi- 
coureteric reflux and reflux nephropathy, it is 
appropriate to give genetic counselling to affected 
families so that they are aware of potential problems 
such as the risk of urinary tract infection, vesi- 
coureteric reflux, and reflux nephropathy, as well as 
the complications of reflux nephropathy. Neverthe- 
less screening for vesicoureteric reflux is not recom- 
mended routinely. 

Smellie et al reported that long term prophylaxis 
in children with symptomatic urinary tract infections 
prevented reinfection and aided renal growth.’° 
Children with vesicoureteric reflux during infancy 
and early childhood are more prone to develop 
reflux nephropathy following urinary tract infections 
and hence long term prophylaxis is indicated in the 
most vulnerable group of children—those under 2 
years of age. This report describes our clinical 
experience in counselling families with reflux 
nephropathy or vesicoureteric reflux. 


Patients and methods 


Twenty seven families in which one member had 
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vesicoureteric reflux, or reflux nephropathy, or 
both, were counselled about the familial risk of 
vesicoureteric reflux and the subsequent risk of 
reflux nephropathy, as well as the risk and symptoms 
of urinary tract infection, particularly in infancy. 
Two groups of children were studied. Group A 
comprised 17 children born to 15 affected mothers, 
14 of whom had been identified in childhood during 
a programme of screening for bacteriuria.!! The 


remaining mother had had a urinary tract infection 
in childhood and had subsequently presented with 
hypertension in pregnancy caused by reflux nephro- 
pathy. Group B comprised 16 siblings of 11 children 
who presented with clinically apparent urinary tract 
infection. 

Ultrasound examination of the kidneys and 
bladder was undertaken in every case to assess renal 
size, the presence of pelvicaliceal dilatation and 


Table 1 Infants and children of parents (index cases) with reflux nephropathy or vesicoureteric reflux 











Diagnosis of Case Age Sex Findings on Findings on micturating 
index case No intravenous urography cystourethrography 
er ultrasound 
scanning 
Reflux nephropathy 1 3 Weeks Male Normal Normal 
Vesicoureteric reflux - 2 1 Month Female Normal Refused 
Reflux nephropathy 3 6 Weeks Female Normal Bilateral vesicoureteric reflux grade II 
Reflux nephropathy 4 2 Months Female Dilated calyces Normal 
Reflux nephropathy 5 2 Months Female Normal Normal 
Reflux nephropathy 6 2 Months Female Normal Normal 
Reflux nephropathy 7 3 Months Female Normal Normal 
Reflux nephropathy 8 3 Months Male Normal Refused 
Reflux nephropathy 9 4 Months Male Normal Normal 
Reflux nephropathy 10 6 Months Female Normal Bilateral vesicoureteric reflux grade II 
Reflux nephropathy 11 7 Months Female Normal Bilateral vesicoureteric reflux grade II 
Reflux nephropathy 12 10 Months Male Normal Bilateral vesicoureteric reflux grade I 
Vesicoureteric reflux 13 10 Months Male Normal Normal 
Reflux nephropathy 14 16 Months Male Normal Bilateral vesicoureteric reflux grade I 
Reflux nephropathy 15 3 Years Female Normal Not done 
Reflux nephropathy 16 4 Years Male Normal Not done 
Reflux nephropathy 17 4 Years Male Normal Not done 





Table 2 Siblings of children (index cases) with reflux nephropathy or vesicoureteric reflux 








Diagnosis of Case Age Sex Findings on Findings on micturating 
index case No intravenous urography cystourethrography 
or ultrasound 
scanning 

Reflux nephropathy 1 3 Weeks Female Normal Normal 
Vesicoureteric reflux 2 5 Weeks Female Normal Left vesicoureteric reflux grade I 
Hypoplastic right kidney 

and vesicoureteric reflux 3 7 Weeks Female Normal Bilateral vesicoureteric reflux grade I 
Single kidney, reflux 

nephropathy 4 2 Months Male Normal Left vesicoureteric reflux grade II 
Single kidney, reflux 

` nephropathy 5 2 Months Male Normal Normal 

Bilateral vesicoureteric 

reflux 6 2 Months Male Normal Bilateral vesicoureteric reflux grade II 
Bilateral vesicoureteric 

reflux 7 9 Months Female Normal Left vesicoureteric reflux grade II 
Reflux nephropathy 8 9 Months Female Normal Left vesicoureteric reflux grade I 
Reflux nephropathy 9 2 Years Female Scarred left kidney Normal 
Reflux nephropathy 10 3 Years Male Normal Not done 
Reflux nephropathy 11 3 Years Female Normal Not done 
Reflux nephropathy 12 4 Years Female Scarred right kidney Right vesicoureteric reflux grade II 
Reflux nephropathy 13 6 Years Male Normal Not done 
Reflux nephropathy 14 9 Years Male Normal Not done 
Reflux nephropathy 15 9 Years Male Normal Not done 
Reflux nephropathy 16 10 Years Female Bilateral scarred kidneys Normal 
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gross renal scarring. Four children also underwent 
intravenous urography before 1984 when experience 
in ultrasound examination was limited. Infants and 
children under 2 years of age were advised to 
undergo micturating cystourethrography, which was 
also recommended in older children if upper tract 
abnormality such as pelvicaliceal dilatation or renal 
scarring had been detected on intravenous urography 
or ultrasound examination. The grading of vesi- 
coureteric reflux was classified according to the 
recommendations of the Medical Research Council 
Bacteriuria Committee. To reduce the risk of 
urinary tract infection trimethoprim 2 mg/kg was 
given in three doses at 12 hour intervals, one dose 
before and two after catheterisation, to all children 
undergoing micturating cystourethrography. Child- 
ren under the age of 2 years in whom vesicoureteric 
reflux was detected were advised to take low dose 
prophylaxis with trimethoprim, 1 to 2 mg/kg/day 
until the age of 2 years. These cases are reviewed 
individually after the age of 2 years and a decision 
then made about stopping or continuing the prophy- 
laxis, depending on whether breakthrough infections 
‘occurred during the period of follow up. 


Results 


In Group A the acceptability of micturating 
cystourethrography was 86%, whereas in group B it 
was 100%. Four of the total of 33 children (12%) 
had an abnormality of the upper renal tract (one 
child had a dilated caliceal system and three had 
scarring of kidneys). Twelve out of the 23 children 
who underwent micturating cystourethrography 
(52%) had vesicoureteric reflux. Ten of these 
children were under 1 year of age. The reflux was 
grade I in five cases and grade II in seven cases. 
Fifteen of 33 children (45%) showed some abnor- 
mality of the renal tract on ultrasound examination 
or micturating cystourethrography, or both (tables 1 
and 2). All six abnormalities found in group A and 
six of the nine in group B were in children under 
2 years of age. 


Discussion 


To justify screening it is necessary to detect an early 
form of a condition so that serious problems can be 
prevented. Our knowledge of the natural history of 
reflux nephropathy suggests that this may be the 
case in this condition. Although it may be possible 
to prevent renal damage in healthy infants with 
vesicoureteric reflux by preventing urinary tract 
infection with long term low dose prophylaxis, this 
has not been proved. Despite the fact that grade I 
vesicoureteric reflux has a high spontaneous 


resolution rate and may not be well correlated with 
reflux nephropathy, we have recommended chemo- 
prophylaxis as all these children were in the most 
vulnerable age group, that is, under 2 years of age. 

Twenty four families, all of whom had previous 
experience of micturating cystourethrography, 
allowed their children to undergo this examination. 
The acceptability was 100% if other siblings had 
already had clinical problems (group B). In group 
A, in which index cases were asymptomatic women 
who were diagnosed in a bacteriuria survey during 
childhood and who had few problems except during 
pregnancy, the acceptability was slightly lower 
(86%). The cost effectiveness of this type of 
programme cannot be assessed from this study as it 
is not possible to detect how many scars have been 
prevented. Because over half of those infants 
investigated by micturating cystourethrography had 
vesicoureteric reflux, however, the potential for the 
prevention of scarring is considerable. In addition, 
older children with established reflux nephropathy 
were also identified. In these children a diagnosis of 
urinary tract infection had never been previously 
considered. In this group it was possible to give 
advice about the risk of progression of scarring, 
hypertension, and possible complications during 
pregnancy. 

The diagnosis of urinary tract infection in infants 
is not easy, as symptoms are rarely localised to the 
urinary tract. Unless an infant is referred to hospital 
for investigations, urine is rarely examined for a 
urinary tract infection within the community. 
During the process of counselling and screening, 
families are instructed to consider the possibility of 
urinary tract infection if their infant becomes ill, and 
arrangements are made through the general practi- 
tioner or by direct access to the ward to check the 
urine when necessary. Selective screening for vesi- 
coureteric reflux has enabled us to identify a 
population who are at high risk of developing reflux 
nephropathy, and to follow them up prospectively. 
With this technique it is possible to improve the 
degree of health care provided for those children 
who are at greatest risk of developing reflux 
nephropathy. Long term follow up of these infants 
will enable more to be learnt about the natural- 
history of sterile vesicoureteric reflux. 


We thank the Laura Ashley Foundation for financial support, the 
department of radiology, Cardiff Royal Infirmary, for undertaking 
the investigations, and Miss J Cook for secretarial assistance. 
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Congenital diaphragmatic defects that present late 


P S MALONE, A J BRAIN, E M KIELY, AND L SPITZ 


The Hospital for Sick Children, London 


SUMMARY ‘Twenty two patients (age range: 1 month to 11 years) were treated for congenital 
diaphragmatic defects (excluding hiatus hernia) in the six year period 1983-8. Presenting 
features were failure to thrive (n=7), abdominal pain and vomiting (n=4), chronic respiratory 
symptoms (n=3), and inability to wean from ventilatory support (n=3). The defect was an 
incidental finding in five patients. Operative repair was performed with no mortality or serious 
postoperative morbidity. Dramatic improvement occurred in 15 of the 17 symptomatic patients. 
Awareness of the differential diagnosis should avoid delay in diagnosis or inappropriate 
treatment. Surgical correction is strongly recommended in all cases. 


Excluding hiatus hernia there are two types of 
congenital diaphragmatic defect—hernia and even- 
tration. A hernia is a protrusion of the abdominal 
viscera through the diaphragm with or without a 
hernial sac. An eventration may be defined as an 
abnormally high leaf of an intact diaphragm as a 
result of paralysis, aplasia, or atrophy of the muscle 
fibres. Its uninterrupted continuity differentiates it 
from a hernia. 

Between 5% and 30% of congenital defects 
present after the neonatal period," ? but despite this 
high incidence congenital diaphragmatic defects are 
not often recognised. This results in diagnostic delay 
and inappropriate treatment, both of which may be 
fatal.™ Most reports refer only to true diaphragma- 
tic hernias and exclude eventration. As both present 
in a similar manner and cannot always be differenti- 
ated before operation, we believe that eventrations 
should be included. The purpose of this paper is to 
draw attention to these defects and the circum- 
stances leading to diagnostic delay and inappropriate 
treatment. 


Patients and methods 


The records of patients over 1 month of age with 
congenital diaphragmatic defects treated in this unit 
from 1983 to 1988 were retrospectively reviewed. 
Patients with acquired lesions were excluded. There 
were 22 patients (13 girls and nine boys) who 
represent 13% of all the congenital diaphragmatic 
defects treated during this period. Age at operation 
ranged from 1 month to 11 years (median 9 months). 


There were 18 hernias and four eventrations (table 
1). Associated abnormalities included midgut 
malrotation (n=8) and the Prader-Willi syndrome 
with Langerhans cell histiocytosis (n=1). No other 
associated congenital anomalies were noted, but 
four patients had group B $ haemolytic strepto- 
coccal infection. 

Presenting features are listed in table 2. Three of 
the seven patients who failed to thrive also had 


Table 1 Types of defects 
ee ee ee ee 





Sac Left Right Bilateral 
present 
Bochdalek hernia 
(n=10) 5 8 2 0 
Central hernia 
(n=5) 2 2 3 0 
Morgagni hernia 
(n=3) 1 0 3 0 
Eventration (n=4) Not 0 3 1 
applicable 


—_—— ee 


Table 2 Presenting features 


Ss m 








No of infants 
Failure to thrive 7 
Abdominal pain and vomiting 4 
Chronic respiratory symptoms 3 
Inability to breath without ventilator 3 
No symptoms (incidential finding) 5 
Total 22 


a ee st 
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dyspnoea during feeding. All three patients who 
were dependent on ventilatory support were 
premature and required ventilation soon after birth 
for primary lung disease. The defects were all right 
sided, and a pleural effusion was erroneously 
diagnosed and chest drain inserted in each case. One 
of these patients suffered a catastrophic haemorr- 
hage as a result of trauma to the intrathoracic liver 
necessitating emergency thoracotomy. The five 
patients in whom the defect was an incidental 
finding presented with symptoms unrelated to the 
diaphragmatic defect. Three had upper respiratory 
tract infections, one had otitis media, and one had 
Langerhans cell histiocytosis. The clinical impression 
of dextrocardia was the indication for chest radio- 
graph in three patients. A routine ‘staging’ radio- 
graph was carried out in the patient with histiocytosis, 
but the indication for radiography in the remaining 
patient was not clear. 

Diagnostic confusion occurred in three patients, 
two of whom had abnormal radiographs at the 
referring hospitals but normal ones on admission to 
this unit. Subsequent pictures showed the defect in 
one patient, while in the remaining patient a hernia 
was confirmed at operation. One patient with an 
eventration had an initial normal chest radiograph, 
followed by radiographs showing the raised hemi- 
diaphragm. As the initial picture was normal the 
correct diagnosis was not immediately considered. 
In these patients diaphragmatic screening and ultra- 
sound scans were helpful in confirming the diagnosis. 

All patients underwent surgical repair. The 
approach was through a laparotomy in 14, a thoraco- 
tomy in six, and a thoracoabdominal incision in two. 
The defect was sutured directly in 15 and patched 
with Dacron in three; the four eventrations were 
plicated. The eight patients with malrotation had a 
simultaneous Ladd’s procedure. Postoperative chest 
drains were not used in 14 patients; two subsequently 
required one, one for a suspected tension pneumo- 
thorax (that was not confirmed) and one for a 
persistent pleural effusion. 


Results 


There were no serious postoperative complications 
and no deaths. Follow up ranged from 3 months to 
3-5 years (median 6 months). Five patients who had 
failed to thrive improved immediately with weight 
gain increasing from below the third centile to above 
the 10th centile within two months of operation. 
The remaining two patients who had failed to thrive 
‘seemed to received no benefit. The patients with 
chronic respiratory and gastrointestinal symptoms 
all improved rapidly after operation. The three 
patients who had been dependent on ventilatory 


1543 


support were all successfully extubated within a 
week of operation. 


Discussion 


This series emphasises the varied presentation of 
congenital diaphragmatic defects diagnosed after 
the neonatal period. Chronic respiratory and gastro- 
intestinal symptoms have been previously des- 
cribed.' ? Less than half of the patients in our series, 

however, had these symptoms. Failure to thrive was 
the commonest presentation, unlike the series 
described by Berman ef al in which ‘only one 
patient presented with failure to thrive.” This report 
is the first to our knowledge to emphasise that poor 
weight gain is a common presenting feature of 
congenital diphragmatic defects diagnosed after the 
neonatal period. 

The association of group B B haemolytic strepto- 
coccal infection and late presenting diaphragmatic 
hernia (as occurred i in four of our patients) has been 
previously described.™?’ Graviss et al stated that the 
group B infection is not causally related to the 
development of a diaphragmatic hernia.” We post- 
ulate that compression of the lung with resultant 
consolidation may predispose the infant to this 
infection. 

One of the factors contributing to diagnostic delay 
is a normal chest radiograph. Wiseman and Mac- 
Pherson in 1977 coined the term ‘acquired’ congeni- 
tal diaphragmatic hernia for lesions presenting at 
variable times after documented normal chest radio- 
graphs. This contributed to the diagnostic delay in 
one of our patients. Two patients had abnormal 
chest radiographs at the referring hospital, but that 
on admission to this unit was normal. It would seem 
that the herniated abdominal contents can reduce 
spontaneously through the defect. The presence of a 
normal chest radiograph after one showing a 
diaphragmatic defect, therefore, does not preclude 
the diagnosis. 

The risks of misdiagnosing right sided congenital 
diaphragmatic hernias as persistent pleural effusions 
in patients who cannot be weaned from a ventilator 
are stressed.* 7 Various methods have been recom- 
mended to evaluate the integrity of the diaphragm. 
These include radionucleatide scanning of the liver 
and spleen, umbilical venography, computed 
tomography, contrast peritoneography, barium 
meal examination, diaphragmatic screening, and 
ultrasonography. Diaphragmatic screening is useful 
only in patients who are breathing spontaneously. 
Ultrasound scans and barium meal examinations are 
helpful in ventilated infants. A diaphragmatic defect 
should be suspected in every patient in whom the 
diaphragm is not clearly visible on radiography. 
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Further investigations aimed at establishing the 
presence of an intact diaphragm should therefore be 
undertaken. Keeping the possibility of the diagnosis 
in mind should avoid undue delay, misdiagnosis, 
and inappropriate treatment. 

Three patients (23%) had Morgagni hernias. This 
is a higher incidence than the usually reported 1-2% 
of all congenital diaphragmatic hernias and reflects 
the fact that they can be small defects that are not 
usually detected at birth.!° Booker et al reported a 
similarly high incidence of Morgagni hernias in older 
children. The defects are usually right sided, as in 
our three cases, and lie anteriorly between the 
xiphisternum and costal muscle fibres of the dia- 
phragm. Two of our patients had gastrointestinal 
symptoms (intermittent colicky abdominal pain and 
vomiting) and their hernias contained colon. The 
small defect increases the risks of strangulation, and 
in the two cases reported by Booker ef al necrotic 
bowel was found.? 

Once the diagnosis of a diaphragmatic defect has 
teen established, surgical correction’ should be 
performed without delay. We plan operations for 
the next available routine list, which was usually a 
matter of days. Even with this policy one of our 
patients developed intestinal obstruction while 
waiting and required an emergency operation. We 
therefore recommend that all patients stay in 
hospital before operation, but emergency operation 
is not normally indicated. Other complications that 
have developed before operation include cardio- 
respiratory arrest” and intestinal infarction. $ 

Our approach to these late diagnosed diaphrag- 
matic defects is as follows: a barium meal and follow 


through examination is carried out to exclude the 
presence of a malrotation. In patients without a 
malrotation we recommend a transthroacic approach 
to the repair of the defect. Patients with a malrotation 
require an abdominal approach to facilitate a simul- 
taneous Ladd’s procedure. 
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Need for new reference curves for height 


S CHINN, C E PRICE, AND R J RONA 


Division of Community Health, United Medical and Dental Schools of Guy’s and St Thomas’s Hospitals, 


St Thomas’s Campus, London 


SUMMARY Data from the National Study for Health and Growth, on children aged from 4-0 to 
12-0 years measured in 1972, 1985, and 1986 were used to assess whether new growth standards 
are required, and which subgroups of children might require separate standards. The change over 
this period, from just over half a centimetre in the youngest girls to over a centimetre in the oldest 
boys, warrants the use of revised reference curves, which are also needed for Afro-Caribbean 


children. 


The standards, or reference curves, currently used 
in the clinical assessment of a child’s height or rate 
of growth are based on data that were collected in 
1959, although they were updated in 1965.1 ? Mean 
height of children aged 5 to 11 years increased in the 
1970s,° although no further increase was seen from 
1979 to 1986,* and Voss et al suggested that new 
growth charts are now required,” at least for the 
more affluent areas of southern England. 

At an initial assessment a child’s height will be 
assessed in relation to a reference group, and 
expressed as above or below some critical centile, 
such as the third. If the reference group is not 
representative of the population to which the 
children belong, the percentage of healthy children 
below the nominal third centile may differ from 3%. 


If it is less than 3%—for whatever reason—the. 


screening process may be less sensitive than in- 
tended, and children may be excluded from follow 
up who would otherwise have been more fully 
investigated. 

Trends over time and geographical variation are 
not the only reasons why new standards might be 
required. Rona and Chinn found children of Afro- 
Caribbean origin to be about 3-5 cm taller, and 
Gujarati speaking children to be about 3 cm shorter, 
than white children on average. A screening 
procedure that used growth charts based on data 
from white children would therefore lack sensitivity 
for Afro-Caribbean children. 

Goldstein and Tanner argued that there should be 
separate standards for subgroups of the population, 
and suggested standards conditional on sex, parental 
heights, family size, area of residence, and ethnic 
characteristics.’ 


The National Study for Health and Growth is a 
continuing surveillance study of children most of 
whom are aged from 5 to 11 years. Standards for 
attained height constructed from data collected in 
1972 were found to be close to the Tanner 
standards. Data on a comparable sample were 
available from the 1986 survey, and on ethnic 
minority and inner city children from 1985. The aim ` 
of this analysis was to ascertain whether new 
reference curves are required, and to assess the 
relative importance of the grouping variables sug- 
gested by Goldstein and Tanner.” 


Subjects and methods 


In 1972 the National Study for Health and Growth 
was carried out in 22 areas of England and six in 
Scotland, selected by stratified random sampling of 
employment exchange areas, and weighted towards 
poorer areas.° As far as possible areas and selected 
primary schools within areas remained in the study; 
when replacement was necessary either another 
schoo] in the same area was selected or another area 
chosen from the same stratum. Trends in height for 
the 22 English areas from 1972 to. 1986 were 
comparable with those for the 13 areas in which the 
same schools participated throughout,* but one area 
in Scotland was by chance replaced by an area in 
which children were substantially taller. 

Areas were visited yearly until 1982, and every 
two years” thereafter. In 1983 the design was 
modified. Schools in wards in 10 English inner city 
areas and in 10 areas containing a high proportion of 
children from ethnic minorities were added and 
surveyed in alternate years to the original schools.° 
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At the same time eight further Scottish areas were 
included, selected from the original sampling frame. 
Data for the original quasirepresentative English 
samples in 1972 and 1986, and for the new Scottish 
areas and the inner city and ethnic minority areas 
sample in 1985, have been analysed. : 

In 1985 the children were classified as white, 
Afro-Caribbean, Urdu, Gujarati, Punjabi, other 
Asian, and others, according to the fieldworker’s 
assessment and the language spoken at home. The 
few non-white children measured in 1972 were 
omitted from analysis, as the language spoken at 
home was not known. Non-white children in the 
1986 English sample, and from Scotland, were 
omitted for the same reason. This eliminated a 
substantial number of children in just one English 
area, which had replaced one of the 22 original areas 
in 1982. Data for children from the original Scottish 
area and the current non-comparable area that 
replaced it were omitted completely, so that data 
were used from five Scottish areas in 1972 and in 
1986, and from eight.in 1985. The latter eight areas 
were grouped with the 1986 areas rather than the 
1985 English areas because of comparability of 
method of selection. - 

The areas selected as inner city areas on the basis 
oz overcrowding, shared amenities, and high rates of 
unemployment tended to have a higher than average 
proportion of ethnic minorities, and conversely 
those selected as Asian or Afro-Caribbean areas 
tended to have at least one feature of inner city 
areas. All 20 areas are therefore referred to in the 
following as inner city areas. 

Height was measured on a specially designed 
stadiometer (Holtain) using the method described 
by Tanner et al'? and recommended by Weiner 
and Lourie for the International Biological Pro- 
gramme. The measurements were made by a 
school nurse supervised by a trained fieldworker 
who made an additional quality control measure- 
ment on about one in 10 children. Height was 
recorded to the last complete 0-5 cm on the scale in 
1972, and to the last 0-1 cm in 1985 and 1986; 0-25 
cm or 0-05 cm was added to each measurement as 
appropriate. 

As the between child variance of height increases 
with age, in order to analyse data for all ages a 
scandard deviation (SD) score was calculated for 
each child,!! which was the difference between the 
child’s height and the mean for its age and sex, 
divided by the age and sex specific standard 
deviation. Use of the SD score has the additional 
advantage of immediate conversion to centile score, 
as height is known to be a normally distributed 
variable. The means and standard deviations were 
obtained from 1972 English data by smoothing 


values calculated from six month age groups. 
Standard deviations were first-adjusted for age 
grouping as described by Healy,!? and means and © 
standard deviations each smoothed using cubic poly- 
nominal curves for boys and girls separately. Chil- 
dren outside the age range 4-0 to 12-0 years were 
excluded, as were those for whom height was not 
recorded. 

Data on the number of children in the family, 
father’s social class, the child’s birth weight, and the 
heights of the parents were obtained from a self 
administered questionnaire that was usually com- 
pleted by the child’s mother. In 1972 questions 
concerning social class and parental height referred 
to ‘respondent’ and ‘spouse’ rather than to child’s 
mother and father; therefore there were ‘missing’ 
data when the respondent was other than the 
mother or father. In 1985 and 1986, questions 
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referred to child’s father or male guardian for social 
class, and to natural mother and father for heights of 
parents. Family size and father’s social class were 
treated as categorical variables with a missing value 
category. Birth weight and heights of parents were 
analysed as continuous variables. Children with 
missing data were included in the analysis, and mean 
differences in height SD scores were estimated 
between children with missing data and those with 
an average birth weight, mother’s height, or father’s 
height. : 

So that results relating to area of residence would 
be in a usable form, each National Study for Health 
and Growth area was assigned its latitude and 
longitude to the nearest degree (fig 1). Multiple 
regression analyses were carried out with height 
SD score as the dependent variable. The indepen- 
dent -variables included year group (table 1), 
accounting for trend over time and inner city 
selection, and ethnic origin with categories as in 
table 2, family size (table 3), social class (table 4), 
country (England arid Scotland); the continuous 
variables were birth weight, mother’s height, 
father’s height, and latitude and longitude. 

SD scores based on the Tanner standards were 
also calculated so that adjustments to these could be 


calculated. The published means and standard - 


deviations were interpolated by age using cubic and 
quartic polynomials respectively.* ? 


Results 
The number of boys and girls in each age group for 


the total 1972 sample, the 1985 English inner city 
sample, and the Scottish sample for 1985 combined 
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Table 2 Percentage distribution of children by ethnic 
group in the National Study for Health and Growth in the 
English inner city areas in 1985 : 











Boys Girls 
White 37-2 35-8 
Afro-Caribbean 13-4 14-9 
Asian: 
Urdu 8-0 9-4 
Gujarati 9-4 8-2 
Punjabi 20-6 19-6 
Other 4-4 4-1 
All other 71 79 
Total No of children 3304 3216 





with the total 1986 sample are shown in table 1. 
Numbers of children in school fell between 1972 and 
1986,4 but the eight extra Scottish areas that took 
part in 1985 compensated for the decrease. Table 2 
shows the distribution of children in the 1985 
English inner city sample by ethnic group. All 
Asians outnumbered white children, but the latter 
was the largest group in the inner city sample, 
followed by the Punjabi speaking Asians. 

Table 3 shows the distribution of children by 
family size in each of the three samples. Average 
family size decreased between 1972 and 1986, 
confirmed by the previous analysis of areas con- 
tinuing in the study.* Despite the greater proportion 
of missing data, family size was found to be greater 
in the inner city areas sample, particularly among 
Asian groups. 

Table 4 shows the distribution of children by 
father’s social class. There was a shift from manual 


Table 1 Distribution of children by age and sex in the National Study for Health and Growth in the quasirepresentative 
samples in 1972 and 1985/86 and in the English inner city areas in 1985 g 























Age Boys Girls 
group 
(years) 1972 1985 Scotland 1985 1972 1985 Scotland 1985 
England and England and England England and England and England 
Scotland (inner city) and Scotland Scotland (inner city) and Scotland 
1986 1986 
4-<5 120 122 168 123 99 132 
+<6 721 535 769 715 492 687 
6-<7 754 472 831 714 503 708 
7-<8 802 507 766 777 441 707 
8&-<9 740 447 . 700 708 477 650 
9-<10 780 447 703 680 444 647 
10-<11 743 451 751 730 466 733 
11-<12 434 323 480 413 294 469 
Total 5094 3304 5168 4860 3216 


4733 
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Table 3 Percentage distribution of children by size of family in the National Study for Health and Growth in the 
quasirepresentative samples in 1972 and 1985/86 and in the English inner city areas in 1985 























No of- Boys Girls 
children 
in family 1972 1985 Scotland 1985 1972 1985 Scotland 1985 
England and England and England England and England and England 
Scotland (inner city) and Scotland Scotland (inner city) and Scotland 
1986 1986 
1 6-6 6-4 8-4 6-4 6-3 8-5 
2 30-2 19-2 46-8 30-1 18-8 45:8 
3 24-4 21:1 24-5 25-1 17-8 24-4 
4 14-1 13-2 79 13-0 14-4 9-4 
5 7-2 8-4 2:3 7-1 8-8 2-4 
6 2-8 4-6 1-0 3-2 5-1 1-0 
7 1-2 1:7 0-5 1:7 25 0-3 
8 cr more 15 2-0 0-1 1:8 2:0 0-1 
No: known 12-0 23-4 8-5 11-7 24:3 79 
Total No of 
children 5094 3304 5168 4860 3216 4733 





Table 4 Percentage distribution of children by father’s social class in the National Study for Health and Growth in the 
quasirepresentative samples in 1972 and 1985/86 and in the English inner city areas in 1985 














Fatuer’s Boys Girls 
social 
class 1972 1985 Scotland 1985 1972 1985 Scotland 1985 
England and England and England England and England and England 
Scotland (inner city) and Scotland Scotland (inner city) and Scotland 
1986 1986 
I 3-5 0-8 5-0 3-4 1-0 4-0 
I 11-2 5-6 20-9 10-7 4-9 20-0 
III non-manual 72 27 6-6 6-7 2-7 7-6 
II manual 35-6 23-9 33-2 34-8 24-9 32-1 
IV 10-2 15-5 9-5 10-9 14-6 11-1 
Vv 4:8 5-1 2-9 4-7 4-7 3-1 
Armed forces and 
unclassifiable 6-0 0-7 0-9 6-1 0-4 0-8 
No father in home 4-6 15-8 10-1 4-5 15-8 10-3 
. Not known 16-8 29-8 10-9 18-1 31-0 11-1 
Total No of 
caildren 5094 3304 5168 4860 3216 4733 





to non-manual occupations, especially to those in 
social class II, between 1972 and 1986. This was in 
line with national trends from 1971 and 1981.” The 
inner city sample had a higher proportion of 
semiskilled fathers, and almost certainly a lesser 
proportion in non-manual and skilled occupations, 
but conclusions were hampered by the large amount 
of missing data. In addition there was a higher 
proportion of single parent (mother) families, greater 
in the Afro-Caribbean group. There was a rise in 
one parent families in the quasirepresentative sample 
frem 1972 to 1986. 

‘Only a small number of children (five boys and 


seven girls) had a height SD score greater than 4 or 
less than —4. These were omitted as they were 
thought to be erroneous. There was then a total of 
13 561 boys and 12 802 girls measured at one of 
three surveys and included in the multiple regression 
analyses. 

Father’s social class was reduced to the categories 
non-manual, manual, and not known, with no 
significant increase in the residual sum of squares, 
and a worthwhile simplification was achieved by 
grouping family size into the six categories 1, 2, 3, 4 
or 5, 6 or more, or not known. 

All the variables in the analysis, with family size 


and father’s social class modified as above, were 
independently significantly associated with height 
SD score except for the missing value adjustment for 
father’s height for longitude for boys and for father’s 
social class, and the adjustment for missing birth 
weight for girls. Almost all were highly signficant 
associations (p<0-901). 

Table 5 gives the estimated effect on height 
SD score independently attributed to each of the 
factors in the multiple regression model. The 
column on the left for both boys and girls, gives the 
difference for each variable or category from a white 
child measured in 1972, with no siblings, father in 
non-manual occupation, birth weight 3380 g, 
mother’s height 160 cm, father’s height 176-5 cm, 
and living near 50°N 5°W. The column on the right 
for both boys and girls, gives the corresponding 
figures when only the biological variables (ethnic 
origin, birth weight, and parental heights) and 
sample selection and trend over time are taken into 
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account. This table is given primarily to illustrate the 
importance of each factor, but can also be used to 
calculate an expected height SD score, as illustrated 
in table 6 for two rather extreme cases. 

This is not to say that either such child exists. The 
‘total’ line gives SD score in units applicable to all 
children, as non-conditional standards have generally 
been calculated. As the factors in the left hand 
column in table 5 account for about 23% of the 
variation, however, it is necessary to judge a child 
against the variation around his or her group mean 
to use the table to provide a proper conditional 
height SD score. By dividing by the residual within 
group standard deviation, which is less than one 
SD score in the above units, a conditional SD score 
is obtained. The final line of table 5 gives the 
necessary divisor, which gives the final SD score. If 
the first child was 7-8 years old and 123-9 cm tall, 
and so at the 50th centile (nominal SD score=0-0) as 
judged by the Tanner standards’ * or Rona and 


Table 5 Estimated difference in height SD scores from a white child measured in 1972, with no siblings, father in 
non-manual occupation, birth weight 3380 g, mother’s height 162 cm, father’s height 176-5 cm, and living in Cornwall 











(SON 5°W) 
Boys Girls 
Full Partial Full Partial 
adjustment adjustment adjustment adjustment 
(as shown) (as shown) 
Ethnic origin: 
Afro-Caribbean 0-62 0-64 0-75 0-80 
Urdu 0-05 —0-05 0-24 0-14 
Gujurati 0-14 0-10 0-01 —0-04 
Punjabi 0-23 0-16 0-30 0-23 
Other Asian 0-26 0-24 0-21 0-19 
Other 0-15 0-21 0-31 0-36 
Family size: 2 —0-09 Not adjusted —0-13 Not adjusted 
—0-22 Not adjusted —0-20 Not adjusted 
4o5 —0-32 Not adjusted —0:31 Not adjusted 
6 or more —0-47 Not adjusted —0-50 Not adjusted 
not known —0-16 Not adjusted —0-22 Not adjusted 
Father’s social class: 
Manual —0-04 Not adjusted —0-01 Not adjusted 
Not known —0-10 Not adjusted —0-03 Not adjusted 
Increase/1000 g of birth weight 0-33 0-32 0-33 0-32 
Adjustment for missing birth weight —0-07 —0-08 —0-05 —0-08 
Increase/10 cm of mother’s height 0-43 0-44 0-41 0-42 
Adjustment for missing mother’s height —0-16 —0-17 —0-20 —0-22 
Increase/10 cm of father’s height 0-35 0-37 0-31 “0-32 
Adjustment for missing father’s height —0-04 —0-07 0-01 0-00 
Increase/degiee latitude north —0-02 Not adjusted —0-03 Not adjusted 
Increase/degree ‘longitude west —0-01 Not adjusted —0-02 Not adjusted 
Scotland 0-10 Not adjusted 0-19 Not adjusted 
Inner city sample —0-02 0-02 —0-05 —0-05 
1986 or Scotland 1985 (secular trend) 0-06 0-11 0-03 0-08 
Mean to which differences should be added 0-34 0-09 0-33 0-12 
Final divisor* 0-89 0-90 0-88 0-89 





*See text. 
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Table 6 Two examples of expected height SD score calculation using the full adjustment estimates from table 5 




















First child Second child 

Chile's Contribution Child’s Contribution 

data to expected data to expected 

SD score SD score 

Sex Female Not applicable Male Not applicable 
Ethnic origin Afro-Caribbean +0-75 White Not applicable 
Femily size 1 Not applicable 6 —0-47 
Fether’s social class Non-manual Not applicable Manual - —0-04 
Birth weight 4380 g +0-33 2380 g —0-33 
Mother’s height 172 cm +0-41 157 cm —0-215 
Fether’s height 181-5 cm +0°-155 166-5 cm —0-35 
Latitude 51°N —0-03 55°N —0-10 
Longitude 0° +0-10 3°W +0-02 
Country : England No applicable England Not applicable 
Inner city Yes —0-05 No Not applicable 
Year 1985 Not applicable 1986 +0-06 
‘Mean’ i 0-33 0-33 0-34 0-34 
Total 1-995 —1-085 
Final divisor* 0-88 0-89 





*See text. 
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Fig2 Comparision of 1986 reference centiles (3rd, 10th, 25th, 50th, 75th, 90th, 97th ) for two white girls: birth weight 
3380 g, mother’s height 162 cm, father’s height 176-5 cm, with no siblings, and father in non-manual occupation; (a) living 
near 5I°N IPE and (b) living near 55°N 3°W. Centiles: 3rd and 97th —-—; 10th and 90th ----- ; 25th and 75th — — —; and 

5Cth . Tanner 3rd (x), 50th (O), and 97th (@) centiles. 





Altman,® then she would have a conditional SD 
score of —2-27, which is a little above the Ist centile. 
If of nominal SD score (1-0), then her conditional 
SD score would be (1—-1-995)/0-88=~—1-13, which is 
just above the 10th centile. 

Table 5 (left hand columns) show that ethnic 
origin, family size, birth weight, and heights of 
parents may be of considerable importance in the 
assessment of a child, but that social class and trend 
over time are of little importance when these other 
factors have been taken into account. The columns 
on the right, in comparison, show that birth weight 
and parental height adjustments are stable, but that 
ethnic origin adjustments depend on the other 
variables in the analysis, the differences being 
mainly due to the ‘omission of family size in these 
columns. . 

The maximum effect of area of residence in 
England, from the south east at 51°N 1°E to the 
north west at 55°N 3°W was 0-15 SD score for boys 
and 0-22 SD score for girls, and is shown for girls in 
fig 2; estimated from the rounded figures in table 5 
the effect was 0-12 and 0-20 SD score, respectively. 
Each of these centile lines is for a white child with no 
siblings, father in non-manual occupation, and with 
average birth weight and parental heights. They 
have been adjusted for the secular trend; the Tanner 
3rd, 50th, and 97th centiles are shown for compari- 
son. The centile curves in fig 2 are closer together 
than the Tanner centiles because they are each given 
for fixed values of the biological and social variables. 

The mean adjustment for secular trend to the 
unconditional Tanner standards for white children 
was estimated to be 0-20 SD score for boys and girls. 
Variation in heights of white children was reduced, 
so that the adjusted Tanner SD score should then be 
divided by 0-93 for boys, and 0-92 for girls, in order 
to retain a standard deviation of 1-0. The net result 
is of little change in the 97th centile, but a 
substantial increase in the 3rd centile. The adjust- 
ments are not entirely independent of age, however, 
as they represent a mean change ranging from just 
over half a centimetre in the youngest girls to over a 
centimetre in the oldest boys. 


Discussion 


Standards for height are required for the assessment 
of short stature, and, to a lesser extent, tall stature. 
Failure of growth may-have various causes, of which 
the most important are chronic disorders including 
endocrine conditions amenable to treatment, and. 
social and psychological problems. Recently treat- 
ment with growth hormone was shown to be 
effective for ‘short normal’ children,’ although the 
outcome for final height is unknown. Most tall 
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children do not suffer from any pathological condi- 
tion, but treatment may be sought to prevent 
embarrassment. Whatever the eventual diagnosis 
and intervention (if any), the immediate presenting 
problem is the same, that of the initial assessment of 
the height of the child in relation to his or her age 
group as a whole, and in comparison with whatever 
subgroup is most appropriate. It is with the initial 
assessment that this paper is concerned, and not 
with follow up assessments for which height velocity 
standards,' ? longitudinal standards," or previous 
height conditional standards,’© should be used. 

The primary aim is therefore to minimise delay in 
treatment or intervention for those for whom it is 
appropriate, although large numbers of unnecessary 
referrals to paediatric clinics or follow up appoint- 
ments are also undesirable. The cut off point below 
which a child is referred or followed up should 
therefore maximise detection of treatable condi- 
tions, or some suitable combination of sensitivity 
and specificity. To optimise the cut off point or 
estimate the delay in intervention for those not 
followed up, however, we would need to know the 
eventual diagnosis for a large number of children. 
This has a bearing on the question of adjustment for 
the trend over time and on what factors should be 
taken into account. 

Only information likely to be available when a 
child is first assessed has been considered in this 
analysis. Of the variables included, ethnic origin, 
birth weight, and heights of parents are each 
independently associated with a child’s height to a 
sufficient extent to require consideration, and when 
combined should adjust for genetic potential. Secular 
trend is of relatively little importance, especially if 
family size is also taken into account. The relation 
between height and latitude and longitude is suffi- 
cient that separate standards for England (north 
west), England (south east), and Scotland also 
require consideration. Social class has relatively 
little effect, but family size is important if it is 
thought appropriate to take social factors into 
account. Unfortunately there was some suggestion 
that the relation of height to family size is associated 
with ethnic origin, so this is not straightforward. 

The significance of the relationship of any factor 
to height does not automatically imply, however, 
that it should be taken into account in the assess- 
ment. If at a given height Afro-Caribbean children 
have the same prevalence of treatable conditions, 
then their overall prevalence will be lower and it is 
appropriate to use reference curves for white 
children. In the absence of diagnostic data, how- 
ever, we must presume that Afro-Caribbean chil- ` 
dren have a similar prevalence to others and 
therefore greater prevalence at a given height, and 
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that use of standards for white children would cause 
delay in intervention for those for whom it is 
- appropriate. 

It is also reasonable to assume that the prevalance 
of treatable problems has not decreased over time, 
so that the trend in height over time requires new 
unconditional standards for white children. 

The difference in mean height SD score of 0-5 
between singleton children and those in families of 
six or more is considerable, but whether it is 
associated’ with corresponding differences in the 
incidence of treatable causes of short stature (which 
argue against adjustment for family size) is unknown. 
Information about father’s social class is often 
unobtainable or inappropriate for inner city children, 
aad of small importance among these data when 
other factors were taken into account. 

In the absence of outcome data to optimise cut off 
points for use in screening there are three possible 
strategies. One is to use the same reference curves 
for all children basing them on data representative 
of the whole population on the assumption that 
height differences between groups reflect dif- 
ferences in the prevalence of treatable conditions. In 
effect this has been the policy when the unconditional 
Tanner standards have been used alone. The second 
is to use conditional standards, and the third is to 
use standards appropriate to the most advantage 
group in the belief that these represent the optimal 
growth that should be the target for all. The first and 
tkird strategies may differ in the cut off points 
actually used, but they do not differ fundamentally. 
Goldstein and Tanner argued cogently against the 
third, and in favour of the second strategy on several 
grounds.’ They believed that differences from en- 
vironmental causes should be treated in groups, and 
that individual subjects should be screened with 
standards derived from children of similar genetic 
background and environment. They recommended 
subgroups defined in terms of sex, family size, place 
of residence, ethnic origin, and heights of parents, 
ta which birth weight should be added if their 
argument is accepted. We accept their argument for 
genetic effects, but not for environmental ones. 

It should be noted that at present conditioning on 

. birth weight and parental heights does not eliminate 
differences between ethnic groups, although these 
can be expected to diminish over time. In this 
limited age range, however, they could reflect 
differences in age at maturation between ethnic 
groups. : 

If unconditional reference curves are required the 
trend over time is such that revision of the Tanner 
standards is required. Our minimum estimate of 
trend between 1972 and 1986 for white children 
from the 1972 based SD score, was 0-17 for boys and 


0-12 for girls, or up to about 1-2 cm in older boys, 
and a minimum of 0-6 cm in younger girls. The trend 
is greater if estimated from the approximate Tanner 
SD score. The possible delay in treatment of Afro- 
Caribbean children from the use of standards for 
white children is undesirable. The National Study 
for Health and Growth can provide data for only 
4 to 12 years, and extrapolation of the trends to 
other ages should not be assumed. Opposite trends 
in height in infants and older children have been 
reported from The Netherlands.” At a minimum, 
revised standards are required for white and Afro- 
Caribbean children across the whole age range for 
growth. 


We thank all children, parents, teachers, doctors, administrators, 
nurses, and clerks in the areas and schools for their participation in 
the study, Professor WW Holland and the fieldworkers and 
administrators in our department for their work on the study, and 
Mrs A Childs for producing the manuscript. The study was 
supported by the Department of Health and the Scottish Home and 
Health Department. 
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Growth and body proportions in congenital adrenal 
hyperplasia 


M C YOUNG, J RIBEIRO, AND I A HUGHES 
Department of Child Health, University of Wales College of Medicine, Cardiff 


SUMMARY Total height, sitting height, and subischial leg length were measured in 27 patients 
(19 girls and eight boys aged 4-3-21-1 years) with congenital adrenal hyperplasia to determine the 
influence of chronic hyperandrogenaemia on body proportions. Proportions were normal in 24 
patients with classical congenital adrenal hyperplasia who had received steroid treatment since 
birth, but one of three patients with non-classical (late onset) congenital adrenal hyperplasia had 
a disproportionately large trunk. Eleven patients with classical congenital adrenal hyperplasia 
had completed growth, of whom seven had height standard deviation (SD) scores for chrono- 
logical age less than zero, and one had extremely short stature (SD score —3-25). In 13 patients 
who were still growing, nine had height SD scores for chronological age of less than zero despite 
having mean (SD) advances in bone age over chronological age of 1-64 (1-68) years. Height SD 
scores for bone age were less than 0 in all 13 patients, indicating a loss of height despite advanced 
skeletal maturation. 

Doses of glucocorticoid that permit mild chronic or intermittent hyperandrogenaemia also 
seem to be associated with mild growth retardation. An adult height below average may be an 
inevitable consequence for many patients with congenital adrenal hyperplasia receiving 
conventional glucocorticoid treatment. 


Growth in stature is an important component in 
assessing the outcome of treatment in patients with 
congenital adrenal hyperplasia. Growth velocity 
provides a valuable guide to the adequacy of control 
during infancy and childhood, and the attainment of 
normal adult height is a principle aim of treatment.! 
Though this may sometimes occur without 
treatment,” diminished final height as a result of 
premature epiphyseal fusion caused by chronic 
hyperandrogenaemia is the usual outcome in un- 
treated congenital adrenal hyperplasia? Below 
average final height is common even with 
treatment? *; this may result from mild or inter- 
mittent hyperandrogenaemia associated with 
inadequate adrenal suppression, or from the direct 
growth suppressive effect of excessive treatment 
with glucocorticoids.> ° 

Increased plasma concentrations of testicular tes- 
tosterone in boys and adrenal androgens in girls 
contribute to the adolescent growth spurt, mainly 
through their effect on truncal growth.’ ® Precocious 
puberty is characterised by a decrease in final 
height, but a disproportionate increase in the size of 


the trunk.” Hyperandrogenaemia in congenital 
adrenal hyperplasia is present from early fetal life, 
and to a variable extent postnatally depending on 
both the age at diagnosis and the degree of 
therapeutic control. Inadequate control can lead to 
pseudoprecocious puberty in boys and true pre- 
cocious puberty in both sexes.! These factors 
suggest that growth may be disproportionate in con- 
genital adrenal hyperplasia. This paper reports the 
first systematic study of growth and body propor- 


Table 1 Classification of patients according to type of 
congenital adrenal hyperplasia 














Classical adrenal hyperplasia Non-classical Total 
adrenal 

Group 1 Group 2 hyperplasia 

(complete (incomplete (group 3) 

growth) growth) 
Boys 3 5 0 8 
Girls 8 8 3 19 
Total 11 13 3 27 
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Table 2 Auxological data 
Case Height Sitting Subischial Chrono- Bone age Bone age Chronological age Bone age F 
No (cm) height leg length logical (years) minus 
(cm) (cm) age chrono- Height Sitting height Subischial Height Sitting height Subischial 
{years) logical SD SD score leg length SD SD score leg length 
age score SD score score SD score 
Group 1: 

1 153-9 82-2 717 18-3 Adult — -1:38 -1-72 —0-72 —1-38 -1-77 —0-72 -105 
2 151-5 80-5 71-0 13-2 Adult — —0-88 —0:97 —0-51 —1-78 —2-32 —0-90 —0-46 

3 158-5 87-1 71-4 14-0 Adult — —0-35 0-27 —0-71 0-62 —0-19 —0-79 0-98 

4 159-7 88-7 71-0 17-9 Adult — —0-42 0-32 —0-90 —0-42 0-32 —0-90 1-22 

5 . 156-0 88-6 69-4 20-7 Adult = —1-03 —0:35 —1:30 -1-03 —0-35 —1-30 0-95 

6 136-9 76-4 60-5 20-3 Adult — —4-22 —3-65 SPI -422 -3-65 —3-59 —0-06 

7 167-8 87-3 80-5 21-1 Adult = 0-93 —0:13 1-54 0-93 —0-13 1:54 —1-67 

8 152-1 84-2 67-9 16-5 Adult = —1-68 —1-13 —1-69 —1-68 —1-13 —1:69 0-56 

9 184-0 97-6 86-4 14-8 Adult = 2:32 2-44 1-60 1-40 1-24 1-24 0-84 
10 175-6 94-9 80-7 16-8 Adult = 0-20 0-65 —0-08 0-14 0-04 —0-12 0-73 
11 168-7 90-3 78-4 20-3 Adult — —0-90 <09 —0-67 —0-90 —0-97 —0-67 —0:30 
Group 2: 

2 91:5 52-8 38-7 3-9 4-0 0-1 —2-07 2-44 -1-02 —2-07 —2-44 —1:02 —1-42 
13 143-4 76-5 66-9 12-0 13-7 1-8 —1-02 —0:87 -0-79 —2-55 —2-78 —1:82 —0-08 
14 157-7 84-0 737 14-8 15-3 0-6 —0-70 —0-93 -0-19 —0-73 —1-06 —0-21 —0-74 
15 155-7 81-0 74-7 13-6 13-7 0 —0-53 —1-29 0-23 —0-53 —1:29 0-23 —1:52 
16 115-2 64-5 50-7 8-1 8-6 0-5 -1-71 —1-49 —1-41 —2-17 —1-84 —1-82 —0-08 
17 142-7 76-7 66-0 15-7 15-3 —0-4 —3-25 —3-49 —2-18 —3-23 —3-44 —2-18 -1:31 
18 155-0 83-3 AFT 13-0 14-2 13 —0-30 —0-15 —0:33 —0-93 —0-98 —0-67 0-18 
19 149-0 82-2 66-8 12-9 15-3 25 —1:30 —0-47 —0-51 —2-04 —1-69 —1-97 0-04 
20 96-5 57-8 38-7 4:3 3-6 0-7 -1:19 —0-91 —1-90 —0-34 0-09 —0-72 0-99 
21 123-8 68-6 55-2 5-8 11-3 55 1-79 1-59 1-26 —2:86 —2-46 —2-88 0-33 
22 112-5 62-5 50-0 5-4 9-0 3-7 0-21 —0-38 0-66 —3-18 —3-33 —2-72 -1-04 
23 162-3 86-2 76-1 13.6 16.6 3.0 0-90 1-16 0-58 —1-69 —1-84 -1-17 0-58 
24 117-4 67-5 49-6 52 T4 2-2 1-92 2-02 0-96 —1-06 —0-35 1-51 1-06 
Group 3: 

151:7 85-0 66-F 12:7 Adult = —0-85 0-64 —1-46 ern —0-65 —-1-95 2-10 
26 148-9 79-3 69-6 12:3 13-5 1-20 —0-10 —0:39 —0:33 —1-63 =E» —1-08 —0-06 
27 111-6 62-9 48-7 5-6 8-8 3-24 0-03 0-00 0:39 —3-23 —2-61 —2-71 —0:39 





“F=furction—sitting height SD score (chronological age) minus subischial leg lengt SD score (chronological age). 


tions in a group of patients with congenital adrenal 
hyperplasia. 


Patients and ‘methods 


Twenty seven patients (19 girls and eight boys aged 
between 4-3 and 21-1 years) with congenital adrenal 
hyperplasia were studied. All had 21-hydroxylase 
deficiency except for one (case 12) who had 118- 
hydroxylase deficiency. Patients were classified into 
three groups according to the type of congenital 
adrenal hyperplasia and their stage of growth (table 
1). Groups 1 and 2 had received steroid treatment 
since infancy, initially as hydrocortisone 15-20 
mg/m?/day in divided doses, and later in adolescence 
as dexamethasone 0:25-0:75 mg/day in single or 
divided doses. Glucocorticoid doses were adjusted 
individually according to measurements of plasma 
and saliva adrenal androgens and 17-hydroxy- 
` progesterone concentrations that were determined 
at periodic clinic visits, and regular assessments of 
growth velocity and bone age.! Treatment adjust- 
ments were made more recently using daily steroid 
profiles as an additional measurement. ® There were 
three patients in group 3 with non-classical (late 
onset) congenital adrenal hyperplasia. One (case 25) 


was untreated at the time of the study, case 27 had 
been treated for less than three months, and case 26 
had received hydrocortisone for five years. 

Total height and sitting height were measured in 
each patient by the same observer (JR) using a 
Harpenden stadiometer and sitting height table. 
Subischial leg length was calculated by subtracting 
sitting height from height. Standard deviation (SD) 
scores for height and subischial leg length were 
calculated for chronological age and bone age using 
published tables.!! 1? Bone age was determined by a 
single observer (JR) according to the Tanner- 
Whitehouse method.” 


Results 


Data on growth and bone age for the three groups 
are shown in table 2. 


BONE AGE 

All the patients in group 1 had completely fused 
-epiphyses consistent with an adult bone age. Bone 
age was in advance of chronological age in all but 
one patient in group 2. The mean (SD) increase 
(bone age—chronological age) was 1-6 (1-7) years, 
indicating mild chronic hyperandrogenaemia. All 
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Fig1 Height SD scores, for chronological age and bone 
age, for the three groups. Solid symbols=girls, open 
symbols=boys, asterisks=late onset cases. 


three patients with late onset congenital adrenal 
hyperplasia (group 3) had advanced bone ages, and 
case 25 had attained adult maturity. 


HEIGHT 

Fig 1 shows height SD scores for both chronological 
and bone ages for all patients. Only three patients in 
group 1 had height SD scores for chronological age 
greater than zero; the mean (SD) score for this 
group, who had completed their growth, was —1-69 
(1-56). Parental heights were available for only 
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Fig2 Body proportions expressed as SD scores for sitting 
height and subischial leg length according to chronological 
age. Solid symbols=girls, open symbols=boys, asterisks= 
iate onset cases. 


seven patients in this group; the mean paternal 
height (172-4 cm) and maternal height (166-1 cm) 
were not significantly different from the normal 
population. 

Four patients in group 2 had height SD scores for 
chronological age greater than zero. When height 
SD score was calculated according to bone age, 
however, the scores were all less than zero indi- 
cating a considerable loss of height for the degree of 
skeletal maturity. 

All the patients in group 3 had normal height SD 
scores for chronological age, but case 25 (whose 
epiphyses had already fused) will be a short adult. 
Height SD scores for bone age were all negative. 


BODY PROPORTIONS 

SD scores for sitting height and subischial leg length 
for all patients are shown in fig 2 (for chronological 
age and fig 3 (for bone age). The degree of 
proportionality of a subject may be assessed by 
comparing these values; in a perfectly proportioned 
individual the values will be equal even though the 
actual measurements may differ. This is indicated by 
the diagonal lines in figs 2 and 3 and the line of 
perfect proportionality in fig 4. In a healthy popula- 
tion the difference between the values, which may 
be expressed as the function—sitting height SD 
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Fig3 Body proportions expressed as SD scores for sitting 
height and subischial leg length according to bone age. 
Solid symbols=girls, open symbols=boys, asterisks=late 
onset cases. i 
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Line of perfect proportion 





-2 —1 
Sitting height SD score—subischial leg length SD score (chronological age) 


Fig4 Differences between sitting height SD scores and subischial leg length SD scores for all patients. Solid symbols=girls, 


open symbols=boys, asterisks=late onset cases. 


score for chronological age minus the subischial leg 
length SD score for chronological age—would have 
a normal distribution with a mean of zero and stan- 
dard deviation of 1. Disproportionality, implying an 
abnormal association between trunk and leg length, 
might therefore be defined as a function score of 
more than +2 or less than —2. Sitting height SD 
scores and subischial leg length SD scores were 
generally reduced (negative), especially for bone 
age, and the impression that the values for patients 
in all three groups were scattered equally around the 
diagonal line (figs 2 and 3), was confirmed by the 
symmetrical distribution of function scores about 
the zero point, with a mean (SD) value for all 
patients of 0-02 (1-00) (fig 4). Similar results were 
obtained when each group was analysed separately. 
Body proportions were therefore normal in all 
patients except for one (case 25), who had a dis- 
proportionately large trunk (function score +2-10). 


Discussion 


Congenital adrenal hyperplasia is associated with 
hyperandrogenaemia during both prenatal and post- 
natal life. Plasma testosterone and androstenedione 
concentrations of 22 nmol/l and 216 nmol/l, respec- 
tively, (adult reference ranges for men 10-30 and 
4-4-10-6 nmol/l, respectively) have been recorded in 
a female fetus with congenital adrenal hyperplasia of 
22 weeks’ gestation (unpublished observation). 

Treatment aims to suppress the adrenal produc- 
tion of excess androgens, thereby allowing normal 
growth and development. Measurements of concen- 
trations of adrenal steroids in plasma and saliva, in 
addition to monitoring growth, are important 
indices of therapeutic control, and treatment aims to 
keep these within the normal range.! 

Patients in group 2 were carefully monitored and 
treated with adequate doses of glucocorticoids, yet 
they showed an increase in bone age over chronolo- 


gical age as a result of mild chronic or intermittent 
hyperandrogenaemia. Similar treatment regimens 
were used for patients in group 1 who had fused 
epiphyses at the time of the study. Neither group, 
however, showed evidence of body disproportion as 
a result of excessive truncal growth. This was 
observed in only one girl with untreated late onset 
congenital adrenal hyperplasia in whom skeletal 
maturation was extremely advanced; plasma testos- 
terone and androstenedione concentrations were 18 
and 70 nmol/l, respectively. 

The results of this study suggest that body 
proportions are usually normal in congenital adrenal 
hyperplasia despite chronic or intermittent hyper- 
androgenaemia, except perhaps where severe 
hyperandrogenaemia has been present in the post- 
natal period for some considerable time. In keeping 
with the results of other studies?> !* !5 final height 
was below average in patients in group 1 who had 
completed their growth. Three of the 11 patients 
were above average height, while the remainder 
showed varying degrees of shortness. In seven of 
these patients (not including case 6), height outcome 
could be judged in comparison with parental 
heights; five achieved final heights less than the mid 
parental height and in two cases this was greater 
than —2SD below the latter. 

Height in those still growing (group 2) was 
suboptimal, particularly when height SD scores 
were related to bone age. Loss of. height was 
apparently less in boys than in girls (height SD score 
for chronological age 0-73 (1-28) and —1-36 (0-97), 
respectively), but boys had a disproportionate 
advance in bone age ((bone age—chronological 
age); for boys 2-71 (2-27), and girls 0-80 (0-98)). 
This height advantage disappeared when height SD 
score was expressed for bone age (fig 1). The greater 
advance in bone age for boys may be the result of a 
number of factors. The diagnosis is generally 
established later in boys than in girls, by which time 
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bone age is already advanced. The clinical signs of 
mild hyperandrogenaemia are likely to be less 
acceptable in girls. 

Previous studies of growth in congenital adrenal 
hyperplasia have often attributed poor outcome to 
inadvertent overtreatment with steroids, particu- 


larly during infancy when growth retardation may ` 


not be followed by catch up growth after dose 
reduction.* > High dose regimens based on the 
results of early studies,!® the use of insensitive 
measurements of control, !° and excessive steroid 
treatment at the time of diagnosis and during inter- 
current illness? are all factors contributing to 
suppression of growth. The resulting loss in height 
has generally. been associated with a delay in skeletal 
maturation.” Patients in group 2 in this study were 
treated with lower doses of steroid in general, and 
more sensitive measurements of control were used 
for monitoring treatment. Consequently bone age 
was usually in advance of chronological age and yet 
the outcome for height was still -unsatisfactory in 
some patients. 

Growth, is extremely sensitive to exogenous 
steroids® !” and even a small amount of steroid given 
in excess of physiological requirements may te 
detrimental.'® Glucocorticoids can affect the 
spontaneous secretion of growth hormone” and its 
response to provocative stimulation,” but steroid 
induced inhibition of growth is probably mediated 
through a more direct action on epiphyseal cartilage 
metabolism. The results of this study suggest that 
doses of glucocorticoid that permit a mild advance in 
skeletal maturation may also be sufficient to restrict 
growth. 

Perhaps some loss of height in patients with con- 
genital adrenal hyperplasia may be inevitable with 
the treatment regimens currently used. Neverthe- 
less, the potential loss of height can be minimised by 
ensuring that only the smallest dose of gluco- 
corticoid necessary is used, that mineralocorticoid 
treatment is given to patients with raised plasma 
renin activity, and that sensitive biochemical 
measures of therapeutic control are used to supple- 
ment the standard criteria of clinical control. 
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Identification of factors affecting infant growth in 


developing countries 


M P ECCLES,* T J COLE, AND R G WHITEHEAD+ i 
Medical Research Council Dunn Nutrition Unit, *Keneba, The Gambia, and {Cambridge 


SUMMARY The anthropometric progress of seven infants was followed throughout their first 
year of life. Weight, length, mid upper arm circumference, triceps and subscapular skinfold 
thicknesses were measured on a mean (SD) of 30 (6) occasions with weight alone being measured 
on a further 6 (2) occasions. The effects of infection and energy intake were identified and 
illustrated using both standard deviation (SD) score graphs for individual subjects, and more 
traditionally, regression analysis for the group. Diarrhoea and vomiting, pneumonia, and 
diarrhoea alone each resulted in significant reductions in growth velocity of 30 g/day. Multi- 
measurement SD score graphs showed the effects of all illnesses, and permitted simultaneous 


comparison of anthropometric measurements. 


The effect of acute infection on growth has been 
widely studied, predominantly in third world coun- 
tries. In Mexico! and Guatemala” the infective 
causes of weight loss were diarrhoea, dysentery, and 
bronchopneumonia. In rural Gambia they were 
gastroenteritis and malaria,? * and in Uganda they 
were gastroenteritis and measles.* A recent study 
from urban Gambia again identified diarrhoea and 
also lower respiratory tract infection.” 

Such studies have traditionally relied upon mean 
weight deficit calculated by regression analysis to 
quantify the effects of infection, showing reductions 
in weight gain of as much as 746 g/month® or 
22 g/day for the various infections." 

An alternative approach is to express weight, and 
any other available anthropometric measurements, 
as standard deviation (SD) scores adjusted for age. 
The graphical presentation of such information has, 
however, always been limited by an inability to 
provide a comprehensive anthropometric picture of 
an individual subject without recourse to five or six 
separate centile charts. 

There is also the question of the appropriateness 
of the standards used. In adopting the National 
Center for Health Statistics (NCHS) growth curves® 
as their international standard, the World Health 
Organisation (WHO) defined their standards for 
body weight, length, and head circumference.’ The 
values that they chose for mid upper arm circum- 
ference were based on the data of Wolanski.*® There 
were no values adopted for skinfold thickness. In 
the United Kingdom the most accessible skinfold 


values are those of Tanner and Whitehouse.’ The 
data for all these standards were collected between 
15 and (in the case of the NCHS values for infants) 
59 years ago. These standards are taken from 
different populations and their use to provide a 
composite set of multiple anthropometric measure- 
ments for an individual subject is of doubtful value. 

A set of centiles that allows a comparison of 
several measurements is that derived from the data 
of an infant growth study in Cambridge, United 
Kingdom. !™!? The centiles cover weight, length, 
mid upper arm and head circumference, and triceps 
and subscapular skinfold thicknesses. They are 
constructed using the LMS method, which gives 
smooth centile curves while adjusting for skewness 
thus permitting skewed data (such as weight or skin- 
fold thickness) to be presented in SD form.” 4 The 
method also allows the conversion of SD scores 
directly into centile values using normal distribution 
tables. An SD (or Z) score of, for example, an 
infant’s weight at a given age, expresses weight 
relative to the population mean in the form of a 
normally distributed variable that has a mean of 
zero and an SD of one. An SD score can be positive 
or negative, depending on whether the weight is 
above or below the mean, and an infant growing 
along the 50th centile will, on an SD score graph, 
appear on the horizontal line corresponding to zero. 
The range of values can be set as required, but the 
range of normal is conventionally from —2 SD to 
+2 SD. The use of SD scores is in line with the 
WHO recommendations’ ! and using these centiles 
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it is possible to construct, on one graph, a set of SD 
scores for multiple measurements, which permit all 
a child’s anthropometric measurements and the 
factors affecting them to be viewed at once. 

In the present study we prospectively followed 
seven infants through their first year of life to 
identify those factors affecting their growth such as 
frequent acute infection—and to assess SD score 
graphs of multiple measurements as a means of 
presenting a comprehensive anthropometric picture 
of individual infants. 


Subjects and methods 


The study took place in the village of Keneba, which 
is in the Kiang West district of The Gambia, West 
Africa. It is a rural subsistence farming community 
and has been the site of a nutritional field station for 
15 years. It has a population of 1250 and the 
community has previously been described in 
detail.1° ! 

Seven sequential births from the village were 
recruited to a study'* of which this formed one part. 
The study lasted for the first year of the infants’ 
lives. 

Measurements were made of body weight, length, 
mid upper arm -circumference, and triceps and 
subscapular skinfold thickness. These were 
measured every 14 days when the infants were well 
and up to six times in the 21 days after the onset of 
an episode of acute illness. All the measurement 
were made by one person (MPE). The values were 
converted into SD scores using the methods 
described by Cole,! and were then plotted, with all 
of an individual infants’ five sets of values on one 
graph. 


To establish a coefficient of variation for each 
measurement, repeated short term measurements 
were made on a group of 10 children. Coefficients of 
variation were low, being <0-1% for weight and 
head circumference, 2-8% for mid upper arm 
circumference, and 6-6% for skinfold thicknesses. 

Illnesses were recorded and treated at the daily, 
open access, medical clinic held in the village. 
Diagnoses were made by either of the resident 
clinicians according to predetermined criteria.!8 The 
infants did not attend any other medical service. The 
illnesses fell into 11 diagnostic groups and for the 
purposes of the regression analysis each was 
represented by a two letter code, for instance 
pneumonia was coded as RP and diarrhoea as DU. 

The effect of infection on weight gain was 
calculated by regression analysis using the Genstat 5 
Statistical language. Weight gain was calculated, in 
g/day, as the difference between successive weights 
divided by the time interval in days. Individual 
weights were coded in two ways. Absence of illness 
was coded as ‘well’ and a weight measured during an 
episode of illness was coded by a single diagnosis 
with time from onset. Thus weights measured on the 
third, seventh, 10th, and 13th days of an episode of 
pneumonia were coded as RP03, RP07, RP10, and 
RP13. Well measurements were coded as WEOO. 
Using five days as the duration of an illness, binary 
independent variables were constructed for each 
illness category to indicate whether or not they were 
present during a time interval. Measurements were 
also coded by stage of illness as acutely unwell 
(defined clinically), convalescent (14 days after 
being acutely unwell), and well. 

The study was approved by the joint Medical 
Research Council and Gambian government ethics 
committee. 


Table Number of episodes of illness for each infant. Total number of days that the infant was ill is shown in parentheses 


TT ees 











Illness Case No 

I 2 3 4 5 6 7 
Upper respiratory tract infection 6 (31) 1(3) 6 (29) 1 (6) 4 (24) 2(11) 3 (24) 
Tonsillitis 1(5) 1 (6) 0 2(7) 
Otitis media 2(11) 8 (50) 2 (8) 0 2 (11) 6 (35) 1(5) 
Pneumonia 2(9) 0 0 2 (9) 1(3) ” 
Dizrrhoea alone 3(17) 2 (18) 7(39) 1(7) 0 2(17) 1(12) 
Diarrhoea and vomiting 0 1(4) 1 (11) 1(4) 1(5) 1 (16) 1(5) 
Vomiting alone 0 0 0 0 0 0 1 (6) 
Malaria 1(3) 0 1 (3) 0 0 0 0 
Abscess 1(6) 0 0 0 1(7) 0 0 
Urinary tract infection 0 0 0 0 1(6) 0 0 
Fever 2(9) 0 3 (17) 1(7) 4(17) 1(5) 0 
All illnesses 18 (91) 12 (75) 21 (113) 4 (24) 17 (86) 12 (84) 8 (55) 
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Results 


The illnesses from which the infants suffered were 
divided into 11 diagnostic groups (table). These 
patterns of morbidity, which are extreme, produced 
a mean (SD) period of acute illness of 75 (29) 
days/infant. The mean duration of an episode of 
illness was 5-7 (2-4) days. 

The infants had all five anthropometric measure- 
ments made on a mean of 30 (6) occasions, with 
` weight alone being measured on a further 6 (2) 
occasions. The mean interval between weights used 
for the calculation of weight gain was 10 (7) days. 

The effects of infection calculated by regression 
analysis were significant for three illnesses: 
diarrhoea and vomiting, pneumonia, and diarrhoea. 
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a 10 20 30 40 50 
Age {weeks} 
Fig1 SD scores for case 1. OM=otitis media, 
URTI =upper respiratory tract infection; 1=length, 
2=subscapular skinfold thickness, 3=weight, 4=triceps 
skinfold thickness, and 5=mid upper arm circumference. 


Falls in weight gain were respectively: 33 g/day 
(p<0-01), 32 g/day (p<0-01), and 34 g/day 
(p<0-05). Despite the significance of the difference 
from when they were well, they were not 
significantly different from one another. The growth 
rate increments for convalescence and ‘well’, 
expressed as positive increments compared with 
when ill, were 20 g/day (p<0-001) and 16 g/day 
(p<0-01), respectively. Again, despite their signifi- 
cant differences from when ill, they were not signifi- 
cantly different from each other. 

The SD score graphs for the individual infants are 
shown in figs 1-7. The effect of illness on growth is 
clearly seen in the graphs, as with case 1 at 30 weeks 
or case 6 at 39 weeks. The effects of infection are 
reflected in all measurements, even length. With 






o 10 20 30 40 50 
Age (weeks) 


Fig2 SD scores for case 2. OM=otitis media, 

URTI =upper respiratory tract infection; 1=length, 
2=subscapular skinfold thickness, 3=weight, 4=triceps 
skinfold thickness, and 5=mid upper arm circumference. 
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the exception of length and mid upper arm circum- 
ference all the measurements are significantly 
correlated with each other (p<0-001). It is notice- 
able that the illnesses producing the largest devia- 
tions are those identified by regression analysis as 
causing significant falls in weight gain. With the 
exception of case 5, growth in length is maintained 
while the other measurements, particularly weight 
and mid upper arm circumference, fall consistently, 
showing that the infants are wasting. Case 5 shows 
a degree of stunting. With the exception of cases 2 
and 3, the graphs also show that infection produces 
modulations on an underlying trend. There is an 
initial variable rise (pronounced in cases 5 and 7) 
with a universal subsequent fall with most of the 
values finishing up at —1-5 to —2 SD. 


Discussion 


The results of this study confirm the growth faltering 


SD score 
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Fig3 SD scores for case 3. OM=otitis media, 
URT1=upper respiratory tract infection; i=length, 
2=subscapular skinfold thickness, 3= weight, 4=triceps 
skinfold thickness, and 5=mid upper arm circumference. 
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Fig4 SD scores for case 4. URTl=upper respiratory tract 
infection; 1=length, 2=subscapular skinfold thickness, 
3=weight, 4=triceps skinfold thickness, and 5=mid upper 
arm circumference. 


effects of gastroenteritic and lower respiratory tract 
disease in infants in third world countries. This is 
shown qualitatively for individual infants by the 
multiple measurement standard deviation score 
graphs, and quantitatively for all infants by the 
regression analysis. 

The multiple measurement SD score graphs allow 
the whole anthropometric progress of an infant to be 
viewed at once. The significant effects of gastroen- 
teritis and pneumonia are easily seen on the graphs, 
as are the growth faltering effects of other episodes 
of illness. 

It is important to understand the justification for 
using the Cambridge growth curves in a West 
African population. The Cambridge data set has all 
its measurements drawn from the same infants, 
giving it a cohesion not present in other data sets 
and allowing ‘across measurement’ comparisons 
to be soundly based. The LMS method provides 
(uniquely) SD scores for skewed variables like 
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FigS SD scores for case 5. OM=otitis media, 

URTI =upper respiratory tract infection, UTI=urinary tract 
infection; 1=length, 2=subscapular skinfold thickness, 
3=weight, 4=triceps skinfold thickness, and 5=mid upper 
arm circumference. 


weight and skinfold thickness, and it is this that 
allows the construction of the SD score graphs. 
Furthermore, the growth curves are based upon 
infants who were fed in the manner currently 
recommended by the DHSS.” This permits pro- 
longed breast feeding and more closely resembles 
the feeding patterns of the Keneba infants. Given 
that infant feeding patterns affect growth it is 
sensible to use growth curves that are as appropriate 
as possible in this respect.!! 

In all the infants the graphs identify not only the 
effects of illness but also a steady fall in the SD score 
for weight from about 15 weeks of age. As all the 
infants except case 5 maintained their growth in 
length, this represents wasting. With his steady fall 
off in both weight and length, case 5 shows evidence 
of stunting, a feature of growth that is, in Keneba, 
more normally seen after infancy. 
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The size of the weight deficit over infancy is 
calculable. Using the figures for ‘convalescence/ 
well’ it is possible to calculate the mean weight 
deficit in the seven infants caused by acute infection, 
and thus the weight deficit from other causes. The 
infants were acutely unwell for 20% of the time, 
convalescent for 34% of the time, and well for. 46% 
of the time. The deficit for: acute illness is: 16 
g/day x0-2=3-2 g/day. Had the infants never been 
acutely unwell they would never have been 
convalescent so this figure of 3-2 g/day has to have 
subtracted from it the difference between being well 
and being convalescent: (20-16)x0-34=1-4 g/day. 
This produces an overall figure of 1-8 g/day weight 
deficit as a result of infection, which produces a total 
of almost 700 g over the first year of life. 

The mean weight deficit at 12 months, measured 
from the Cambridge growth curve 50th centile for 
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Fig6 SD scores for case 6. OM=otitis media, 
URT1=upper respiratory tract infection; 1=length, 
2=subscapular skinfold thickness, 3=weight, 4=triceps 
skinfold thickness, and 5=mid upper arm circumference. 
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Fig7 SD scores for case 7. OM=otitis media, 
URT1=upper respiratory tract infection; 1=length, 
2=subscapular skinfold thickness, 3=weight, 4=triceps 
skinfold thickness, and 5=mid upper arm circumference. 


weight, was 1200 g. The 700 g deficit calculable as a 
result of infection represents 58% of this total 
leaving 42% (500 g) of the weight deficit resulting 
from other causes. This figure of 500 g corresponds 
to the slow fall in the SD score of weight seen in the 
graphs. 

A similar picture of weight loss was found by 
Rowland et al working in Bakau, an urban commun- 
ity on The Gambia’s Atlantic coast. Using as their 
standard the NCHS growth curves® they found an 
illness related weight deficit of 900 g at 12 months, 
broadly similar to the 700 g that we found. Their 
total weight deficit was, however, only a further 
300 g, whereas the corresponding Keneba value, 
having allowed for the 400 g difference between the 
means of the two standards, is a further 900 g; this is 
three times the Bakau figure. 


When comparing Keneba and Bakau, Tomkins er 
al showed seasonal swings in growth rates in both 
communities.”° These swings were larger in Keneba 
where seasonal food shortage, as opposed to 
Bakau’s year round availability of food, was thought 
to account for much of the difference in growth 
performance between the two communities. 
Although food intake was not measured in this 
study, previous work in Keneba has shown infant 
energy intake to be low and an underlying deficiency 
in energy intake provides a rational explanation for 
the steady wasting seen in the SD score graphs.”! 

The illnesses producing an impact on growth are 
similar to those identified by previous authors. 
Diagnostic criteria vary, but the diagnoses of 
diarrhoea, and diarrhoea and vomiting, in this study 
can be equated with diarrhoea or gastroenteritis 
from other studies.! >> Previous work in Keneba 
identified diarrhoeal disease as an important cause 
of weight loss with a fall in weight gain of 25 g/day.? 
This is similar to the figure of 34 g/day found in this 
study and shows that the cost in terms of weight gain 
associated with infant diarrhoea in this rural 
community has unfortunately not changed over the 
last 10 years. It is also worth noting that the study of 
Rowland et aP and this study both identified lower 
respiratory tract infection as an important cause of 
failure of growth. 

SD score graphs provide a powerful method of 
identifying and highlighting problems with growth 
resulting from, in this case, the effects of infection 
and undernutrition. This has not previously been 
possible because of the lack of an adequate multi- 
measurement standard. These effects are statisti- 
cally calculable within the group, but when consider- 
ing an individual subject the use of SD score graphs 
permits both the time scale and the accurate 
progress of an individual subject to be clearly seen. 
Moreover the curves permit simultaneous com- 
parison across five different anthropometric 
measurements and the demonstration of the effects 
of those illnesses that cause growth faltering in an 
individual subject but do not achieve significance 
within the group. Although applied here to the 
acute and chronic problems of infants in the third 
world, these graphs could equally well be used to 
record the anthropometric progress of any child 
suffering from any acute (for example, infective) or 
chronic (for example, coeliac disease) condition. 


We are grateful to the families and particularly the mothers of our 
seven subjects who were immensely helpful and understanding 
during the course of the study. We thank M Jarjue for technical 
assistance. We also acknowledge the support of the Medical 
Research Council Laboratories at Fajara, and The Gambian 
Government. 
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Growth in atopic eczema: a controlled study by 


questionnaire 


M G PIKE, C L CHANG,* D J ATHERTON, R G CARPENTER,* M A PREECE 
Hospital for Sick Children and * Department of Medical Statistics and Epidemiology, London School of 


Hygiene and Tropical Medicine, London 


SUMMARY The parents of 128 children with atopic eczema and 117 healthy control children 
responded to a questionnaire that included measurement of their own and their children’s heights 
at home after standardised instructions. When cases and controls were compared there was no 
significant difference in parental height but the children with eczema were significantly shorter 
than the healthy control group. This difference remained significant when children with 
associated asthma were excluded from the analysis. 


Numerous authors have examined the growth 
pattern of asthmatic children but,’ to our know- 
ledge, only one study has addressed the question of 
growth in atopic eczema. This study was not 
controlled and did not fully exclude the effect of 
concurrent asthma. 

We have used a questionnaire to obtain the 
heights of children with eczema, matched non- 
eczematous controls, and the parents of these two 
groups. The questionnaire was also used to establish 
whether concurrent asthma was present in order to 
identify a group of non-asthmatic eczematous 
children for separate analysis. 


Patients and methods 


The parents of all 148 children who had been seen in 
one consultant dermatologist’s clinic at the Hospital 
for Sick Children, Great Ormond Street, with a 
diagnosis of atopic eczema between 1982 and 1985 
were sent questionnaires. Each family was sent an 
envelope that contained two smaller sealed en- 
velopes enclosing questionnaires for the individual 
child and for a control to be selected by the parents. 
A letter instructed the parents to give the control 
questionnaire to a friend with a child of approxi- 
mately the same age as their own child but who had 
never had eczema. They were instructed to do this 
before opening the envelopes containing their own 
or the control child’s questionnaire. 

The questionnaire included questions about 
paternal employment and the presence or absence 
of asthma. The parents were asked to indicate the 
date of birth and heights of themselves and their 


child. Instructions as to the measurement of height 
were as follows: ‘It is very important that the heights 
are very accurate. Please take shoes and socks off. 
Stand straight with heels and back against a wall. 
Someone else should then put a large firm book on 
your head as flat as possible and draw a line on the 
wall where the book touches it. Measure the 
distance from the floor to the line on the wall as 
carefully as you can with a tape measure. You can 
use feet and inches or metres and centimetres. 
Please do not include stepmothers or stepfathers’. 

Where no response was received to a question- 
naire it was followed by a second letter. 

Height standard deviation (SD) scores were 
calculated using the formula 


x-X 
Sx 





SD score= 


where x is the height measured, x the mean height 
for the age of the individual concerned and Sx is the 
standard deviation for height at a given age.” !° 


Results. 


RESPONSE 

A total of 245 replies were received: 128 cases and 
117 controls (83% of the total 296 sent). Not every 
reply was complete: of the replies from parents of 
children with eczema, 115 indicated the child’s 
height, 125 the mother’s height, and 124 the father’s 
height; of the replies from the parents of controls 
110 indicated the child’s height, 110 the mother’s 
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Table Comparison of children with eczema and controls with respect to parental and children’s SD scores for height: 
(a) all children, (b) children without a history of asthma, antiasthmatic medication, or oral steroids, and (c) children 
over 5 years without a history of asthma, antiasthmatic medication, or oral steroids 





Children with eczema 











No Mean SD 
score (SE) 
{a) All children: 
Mothers 125 0-2505 (0-102) 
Fathers 124 0-1622 (0-094) 
Children 1i5 —0-4505 (0-119) 


(b) No history of asthma, antiasthmatic 
medication, or oral steroids: 


Mothers 55 0-2429 (0-149) 
Fathers 55 0-2118 (0-138) 
Children 52 —0-4465 (0-177) 


(c) Aged over 5 with no history of asthma, 
antiasthmatic medication, or oral steroids: 
Mothers 25 0-4416 (0-221) 
Fathers 25 0-1408 (0-226) 
Children 22 —0-7232 (0-346) 
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Figure Distribution of SD scores for height for 
children with eczema and controls. 


height, and 111 the father’s height. The mean age of 
the children with eczema where there was a response 
was 6-9 years (range 1-2~16-2 years) and of the 
controls 7-0 years (range 1-1-16-5 years), there 
being no significant difference between the two. 
Fifty percent of children with eczema and 52% of 
controls were boys. There was no significant differ- 
ence in social class as judged by paternal employ- 
ment between the two groups (yj=1-43, p>0-5). 





Controls Difference by 
t test 
(p value) 
No Mean SD 
score (SE) 
110 0-2777 (0-106) NS 
111 0-2025 (0-115) NS 
110 0-0595 (0-097) <0-0005 
108 0-2877 (0-108) NS 
107 0-2059 (0-116) NS 
107 0-0518 (0-099) <0-01 
71 0-2204 (0-132) NS 
70 0-1546 (0-130) NS 
70 0-1416 (0-123) <0-005 
HEIGHTS 


There was no significant difference between the SD 
score of the parents of either group. The mean SD 
score of children with eczema was significantly 
less than that of controls, which was itself close to 
that of the population mean (table (a) and figure). 
Though the difference was not significant, the 
parents of cases were shorter than the parents of 
controls (table (a)). Analysis of covariance was used 
to correct for this difference and the regression 
intercept coefficients showed a significant difference 
between children with eczema and controls allowing 
for the difference in parental height (p<0-0005, 
t test). 

Fifty seven children with eczema answered 
negatively to questions relating to the presence of 
asthma and to the use of antiasthmatic medication 
or oral steroids at any stage in their lives. Comparison 
of the SD scores of these families with those of the 
control group who also responded negatively to 
these questions again produced no significant differ- 
ences between parents but significant differences 
between the children (table (b)). When the age of 
this subgroup was considered, the children with 
eczema (mean age 5-7 years) were found to be 
significantly younger than controls (mean age 7-1 
years) (p<0-05, t test). Analysis of covariance was 
again used confirming that the difference in SD 
scores between cases and controls remained signi- 
ficant (p<0-01) after correction for differences in 
age and in parental height. eos 
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As the onset of asthma is later than that of atopic 
eczema and an eczematous preschool age child 
without respiratory symptoms might subsequently 
develop asthma, the same comparisons illustrated in 
the table (b) were made excluding children under 
the age of 5 years. Again a significant difference 
(p<0-005, f test) in SD scores between children 
with eczema and controls was found that could not 
be explained on the basis of an age or parental 
height difference (table (c)). 


Discussion 


Only one study to date has assessed the growth of 
eczematous children. This detailed uncontrolled 
cross sectional study found that 10% of 89 patients 
had heights below the third centile and that, of the 
69 patients between 2 and 9 years of age where 
correction for midparental height could be per- 
formed, 22% fell below the 10th centile and only 9% 
had a corrected height above the 90th centile. The 
children also showed delayed skeletal maturity, 
large head circumferences, a disproportionately 
shorter sitting height compared with subischial leg 
length, and a normal skinfold thickness. Increasing 
disease extent, steroid potency, and asthma severity 
were associated with decreasing height centile but 
none of these three factors could be excluded. 

Our own study was also cross sectional and the 
measurement of height was performed by parents at 
home in a clearly less accurate fashion. We did not 
assess other anthropometric data (sitting height, 
skinfold thickness, etc). Our numbers were greater, 
however, and our study included a well matched 
control group who followed the same instructions as 
to measurement as the eczematous group. Hence, 
although our heights are individually less reliable as 
absolute measurements, the significant difference 
found between eczematous and non-eczematous 
children remains valid. Furthermore, using question- 
naire answers, we were able to exclude the effect of 


concurrent asthma, a disease that is well known to 
1-3 6 


be associated with an abnormal growth pattern. 
Like the study reported by Kristmundsdottir and 
_ David,® our patients came from a tertiary referral 
centre and were therefore likely to be more severely 
affected than the eczematous population as a whole. 

Our findings indicate that children with eczema, 
who do not have asthma, are shorter than geneti- 
cally expected from assessment of parental heights. 
While most of our eczematous group were not very 
short, 12 were more than 2 SDs below the mean and 
-four were more than 3 SDs below the mean. Of 
these 12 very short children, six had been diagnosed 
2s asthmatic. 

The growth pattern of asthmatic children has 
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been shown to be that, of growth delay with a 
delayed 1 pubertal growth spurt and a normal adult 
height. The cross sectional nature of our 
study prevents us establishing whether eczematous 
children follow a similar pattern. Ferguson et al, 
comparing asthmatics with children with allergic 
rhinitis and finding no difference, have suggested an 
underlying abnormality of growth pattern related to 
the atopic state rather than to asthma itself," and 
our findings are consistent with this hypothesis. 

While growth delay may be the most likely cause 
of the height difference we have observed, alternative 
explanations for this include: (i) an effect of topical 
corticosteroids, (ii) nutritional factors, and (iii) an 
effect of sleep disturbance. It is extremely difficult 
to quantify lifetime topical corticosteroid use and 
difficult to separate its influence on growth from 
the influence of the eczema itself, as children with 
more severe eczema tend to have had greater topical 
corticosteroid exposure. Nutritional factors might 
play a part as gastrointestinal function is known 
to be abnormal in a proportion of eczematous 
children.'* © Growth failure due to transcutaneous 
protein loss has been reported in eczema,! and 
failure to thrive has been shown to result from 
inappropriate exclusion diets,” and eczema is 
frequently treated by dietary modification. The 
normal weight and skinfold thickness observed by 
Kristmundsdottir and David,® however, do not 
suggest a nutritional aetiology. Sleep disturbance 
due to pruritis is a well recognised feature of atopic 
eczema and might adversely affect the secretion of 
growth hormone and gonadotrophins which, in the 
normal circadian rhythm, is principally nocturnal. 

Controlled longitudinal studies of non-asthmatic 
eczematous children are needed to establish 
whether the difference we have observed represent 
an effect of the disease or its treatment, or simply a 
physiological growth pattern associated with the 
atopic state. ’ 
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Early diet in preterm babies and developmental 
status in infancy 
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SUMMARY Few data from randomised prospective studies address whether early diet influences 
later neurodevelopment in man. As part of a larger multicentre trial, 502 low birthweight infants 
were assigned randomly, for a median of 30 days, to receive a preterm formula or unfortified 
donor breast milk as sole diets or as supplements to their mothers’ expressed milk. Surviving 
infants were assessed at nine months after their expected date of delivery without knowledge of 
their feeding regimen. The mean developmental quotient was 0-25 standard deviations lower in 
those fed donor breast milk rather than preterm formula. In infants fed their mother’s expressed 
milk, however, the disadvantage of receiving banked milk compared with preterm formula as a 
supplement, was greater when the supplement was over half the total intake, and approached five 
points, representing 0-5 standard deviations for developmental quotient. Infants fed donor breast 
milk were at particular disadvantage following fetal growth retardation, with developmental 
quotients 5-3 points lower. 

We suggest that the diet used for low birthweight babies over a brief, but perhaps critical, 
postnatal period has developmental consequences that persist into infancy; infants who are small 


for gestational age are especially vulnerable to suboptimal postnatal nutrition. 


Whether early diet influences later development is a 
key question in infant nutrition that has stimulated 
numerous investigations in animals and man. Most 
animal studies have been in rats, whose young are 
very immature at birth. In such experiments both 
prenatal and early postnatal malnutrition may have 
significant neurological consequences including a 
serious loss of brain cells found at necropsy, ' 
brain-weight deficit that usually remains after ee 
tional rehabilitation,“ and impaired performance 
in learning tasks and visual discrimination tests. 

In human infants who have died of severe 
malnutrition, the total number of brains cells has 
been found to be reduced by 15-20%. and by 60% 
in those born weighing under 2000 g,” which suggests 
that all low birthweight infants (whether or not they 
are small for gestational age) are especially vulner- 
able to poor postnatal nutrition. Human studies on 
early diet and later neurodevelopment, however, 
are difficult to interpret. Much work in humans 
concerns the consequences of malnutrition in 


developing countries, where poor diet is associated 
with medical and social problems that confound any 
analysis. Thus some workers report behavioural or 
intellectual benefits from dietary supplementaion 
following malnutrition in infancy,® ° whereas others 
suggest that stimulation was essential for these 
benefits.!° Evidence indicating that early nutrition 
may have lasting neurodevelopmental effects has, 
however, come from many other sources. These 
include studies on malnutrition associated with 
disease (for instance, infantile hypertrophic pyloric 
stenosis, which has been associated with later 
deficits in attention and memory!!) and with the 
effects of specific nutrient deficiencies (for example, 
iron”). 

Nevertheless it has been difficult to conduct 
controlled randomised trials to test the hypothesis 
that early diet is critical for later neurodevelopment 
in humans. We considered that the preterm infant, 
born during a phase of rapid brain growth, would be 
an important model for such a study; currently used 
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diets differ greatly in composition and randomised 
dietary assignment is practical. Furthermore a con- 
clusive outcome trial would have important implica- 
tions for clinical management. 

We have therefore conducted a prospective, 
randomised five centre trial of the effect of diet on 
long term neurodevelopment in infants weighing 
under 1850 g at birth. The cohort will be followed 
into adult life; the first formal follow up was 18 
months after their expected date of delivery, but in 
three East Anglian centres we also examined 
surviving infants at nine months after their expected 
date of delivery. Our findings at nine months are 
reported here. 


Patients and methods 


All infants weighing less than 1850 g admitted to the 
neonatal units in Cambridge, Ipswich. or King’s 
Lynn over the three year period 1982-4 were 
entered into this study. Babies were excluded only if 
they had a major congenital abnormality known to 
impair growth or development (for example, 
trisomy), or if they died before randomisation 
(within the first 48 hours). Approval was obtained 
for the study from the local ethics committee in each 
of the trial centres. An important aspect of this 
study is that after detailed explanation of the study 
to the guardian(s), consent for the infant to take 
part was never withheld, so that there was no 
selection bias in the cohort. 

Each mother was asked whether or not she wished 
to provide expressed breast milk for her infant. If a 
mother chose not to provide her milk, the infant was 
randomly allocated either banked donor breast milk 
or preterm formula as the sole diet (trial 1). Infants 
whose mothers elected to provide breast milk were 
randomly allocated (trial 2) either banked donor 
breast milk or preterm formula as a supplement to 
be used when mothers were unable to provide 
sufficient milk to meet their infants’ enteral feed 
volume requirements. The median intake of mater- 
nal milk in this ‘supplement trial’ was 53% of the 
infants’ feed volume during the study. Randomisa- 
tion, by permuted blocks of variable length, was 
stratified by centre and birth weight; infants whose 
birth weight was below 1200 g were randomised 
separately. Full details of the randomisation, feeding 
regimens, and preterm formula composition have 
been published elsewhere," but briefly, the preterm 
formula contained 2 g protein, 0-335 MJ (80 kcal), 
35 mg phosphorus, 70 mg calcium, and 45 mg 
sodium 100 ml. Before the start of the study in 1982 
all infants in the three centres were fed on human 
milk (banked, or mothers’ own, or a combination). 

Extensive data were collected on obstetric, fetal, 


and neonatal factors. The Registrar General’s classi- 
fication was used to code social class!*; birth rank is 
the infant’s birth order in the living children of the 
family, infants from multiple births being assigned 
equal rank. 

The assigned diet was discontinued at the time of 
discharge from the neonatal unit or when a weight of 
2000 g had been attained. After discharge from the 
neonatal unit mothers fed their infants as they and 
their local advisers chose. 

Children were invited for follow up examination 
nine months after their expected date of delivery. 
The median age at follow up was 40-4 weeks (lower 
quartile 39-6, upper quartile 41-7). Full history and 
physical examination were undertaken by RM in 
Cambridge and King’s Lynn, and by MB in Ipswich. 

Knobloch et al’s developmental screening inven- 
tory was given to each child to assess five fields of 
behaviour: adaptive, gross motor, fine motor, lan- 
guage, and personal-social.!° For each field a 
quotient adjusting for prematurity was calculated as 
follows: observed maturational age divided by 
attained age from expected date of delivery multi- 
plied by 100; an overall developmental quotient was 
calculated as the mean of the five scores for each 
subject. It should be emphasised that the assessment 
at this and subsequent periods was done with the 
assessor having no access to data on previous dietary 
assignment. 

In addition to developmental testing, the infants 
were assessed neurologically by the same examiner 
with the method described by Amiel-Tison and 
Grenier.!° Infants were categorised as neurologic- 
ally normal, equivocal, or impaired. The tests lay 
particular emphasis on abnormalities in tone in the 
diagnosis of neurological impairment. Although 18 
month developmental data are not reported here, 
we have included the assessment of neurological 
impairment that was made at 18 months with the 
same tests. 

Developmental scores for neurologically impaired 
infants can be a poor measure of their intellectual 
development, as many test items require manipula- 
tive skills appropriate for age. Results have there- 
fore been analysed separately for infants diagnosed 
as being impaired at nine months. Statistical analysis 
was by Student’s ¢ test; results are also shown as 
95% confidence intervals. Tests for interaction were 
performed to determine whether the dietary effect 
on development differed significantly between con- 
trasting subgroups (for example, boys compared 
with girls, or small compared with appropriate size 
for gestational age). The significance of this inter- 
action was assessed by comparing the differences in 
dietary effect between two subgroups, again by 
Student’s ¢ test. 
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Results 


Altogether 502 infants were enrolled in this study. 
The mothers of 343 (68%) chose to provide their 
breast milk, those of 159 (32%) elected not to do so. 
Table 1 shows the mortality before nine months 
after the expected date of delivery, and the demo- 
graphic and clinical details of surviving infants in 
each group who were successfully followed up at this 
ape. Fifty nine surviving children were not seen; 
seven had moved overseas, nine refused follow up, 
and 43 were either untraced or unable to keep their 
appointment (47 of these 59 were subsequently seen 
at 18 months, when 96% of survivors were seen). 
There were no significant differences between 
feed groups in follow up rate, mean length of 
estation, birth weight, size for gestational age, sex 
distribution, Apgar score at five minutes, the 
proportion of infants requiring mechanical ventila- 
tion for 24 hours or more, social class, mother’s 
education, or the infant’s birth rank (data for a 


selection of these factors are shown in table 1). The 
median number of days (lower and upper quartile) 
to discontinuation of the assigned diet for infants fed 
donor milk (as sole diet or supplement) were 31 (22, 
49), and the corresponding values for infants fed 
preterm formula were 28 (19, 40). There was no 
significant difference in the percentage of supple- 
ment received between infants fed formula or donor 
milk, 43-8% compared with 51-3%, respectively 
(SD 36%). 

The numbers of infants in each group diagnosed 
as neurologically normal, equivocal, or impaired 
are shown in table 2. There are no significant 
differences in the incidence of neurological impair- 
ment. 

Table 3 shows mean developmental scores for all 
five fields of development and for overall develop- 
mental quotient in the randomised comparisons. 
These data do not include scores for neurologically 
impaired infants, which are considered separately. 

When the two trials were combined the infants 


Table 1 Comparison of preterm infants randomly assigned to receive banked breast milk or preterm formula as sole 


diet or as supplements to their mothers’ milk 





As sole diet 


As supplement to their mothers’ milk 








Banked breast Preterm Banked breast Preterm 
milk formula milk formula 
No randomised 83 76 170 173 
No who died befere the age of 9 months* 7 9 12 15 
No (%) seen nine months after the 
expected date cf delivery 66/76 (87) 56/67 (84) 140/158 (89) 138/158 (87) 
Characteristics of infants seen at nine months: 
Mean (SD) gestational age (weeks) 31-2 (2-8) 30-8 (2-8) 30-9 (2:7) 30-9 (2-4) 
Mean (SD) birth weight (g) 1392 (298) 1364 (300) 1385 (297) 1386 (275) 
No (%) weighing <1200 g at birth 18 (27) 17 (30) 36 (26) 38 (28) 
No (%) small for gestational age+ 24 (36) 20 (36) 37 (26) 49 (36) 
No (%) boys 31 (47) 26 (46) 75 (54) 84 (61) 
No (%) from social classes I. II or III non-manual 14 (21) 14 (25) 49 (35) 54 (39) 
No (%) ventilated >1 day 27 (41) 27 (48) 51 (36) 55 (40) 
Median (quartiles) No of days to full feeds 6 (5.8) 9 (6.16) 6 (5.9) 8 (6.10) 








*Fifteen of the 43 deaths occurred before enteral feeds had been started. *birth weight less than 10th centile. 


Table 2 Neurological status, at nine months and at 18 months after the expected date of delivery assessed without 
knowledge of the feeding regimen by the methods of Amiél-Tison and Grenier’® 





As sole diet 


As supplement to their mother’s milk 











Banked breast Preterm Banked breast Preterm 
milk formula milk formula 
Total assessed for impairment 66 56 140 138 
At nine months: 
Impaired 4 8 7 12 
Equivocal 0 1 8 3 
Total 4 9 15 15 
Impaired at 18 months 4 7 11 10 
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Table 3 Developmental scores at nine months after the expected date of delivery for infants born preterm who had been 
randomly assigned during the early weeks after birth to receive banked breast milk or preterm formula as: sole diets or 
supplements to mothers milk (trials 1 and 2 combined); as sole diets (trial 1); or as supplements to their mothers’ milk 
(trial 2). Data include overall developmental quotient and scores for five individual fields of development, expressed as 
mean (SD) with 95% confidence intervals for benefit from preterm formula 





Banked Preterm Difference—95% 
breast milk formula confidence interval 

Trials 1 and 2 combined: 

No of infants 195 174 

Overall developmental quotient 97-9 (9-6) 100-4 (10-7) 0-4 to 4-6** 
Adaptive 101-3 (11-1) 104-0 (11-6) 0-4 to 5-1** 
Gross motor 99-9 (17-2) 102-3 (17-7) -1:2 to 5-9 
Fine motor 96-6 (12-2) 99-2 (13-5) 0-0 to 5-3* 
Language 93-3 (10-0) 95-6 (12-4) 0-0 to 4-6* 
Personal-social 98-0 (11-4) 100-6 (12-6) 0-2 to 5-1* 

Trial 1—Banked milk compared with preterm formula as sole diets: 

No of infants 62 48 

Overall developmental quotient 97-2 (8-5) 98-2 (11-0) —2-7 to 4:8 
Adaptive 99-5 (10-2) 101-6 (10-5) —1-8 to 6-0 
Gross motor 98-9 (16-2) 98-7 (15-2) —6-2 to 5-6 
Fine motor 95-2 (11-0) 97-1 (14-5) —3-1 to 6-8 
Language 93-8 (11-0) 95-2 (15-0) —3-7 to 6-4 
Personal-social 98-5 (8-5) 98-5 (11-0) —4-7 to 4-6 

Trial 2—Banked milk compared with preterm formula as supplements: 

No of infants 133 126 

Overall developmental quotient 98-2 (10-1) 101-2 (10-5) 0-5 to 5-6** 
Adaptive 102-1 (11-4) 105-0 (11-9) 0:0 to 5-7* 
Gross motor 100-4 (17-7) 103-7 (18-4) —1-2 to 7:7 
Fine motor 97-2 (12-8) 100-0 (13-1) —0:3 to 6-0 
Language 93-1 (9-6) 95-8 (11-3) 0-1 to 5-3* 
Personal-social 97-7 (11-6) 101-5 (12-2) 0-8 to 6-6** 





Data from infants with neurological impairment are excluded here and reported separately in the text (*=p<0-05, **p<0-025). 


receiving preterm formula, either as sole diet or as 
supplement to their mothers’ milk, had higher mean 
scores in all areas of development than those given 
donor milk as sole diet or supplement. Significant 
differences were seen in adaptive, fine motor, 
language, and personal-social areas, as well as in 
overall developmental quotient (95% confidence 
interval (CI) for difference: 0-4 to 4-6, p<0-02). 
None of the differences seen between those 
infants receiving either donor breast milk or preterm 
formula as sole diet (the smaller of the two trials) 
reached significance, though there was a trend in 
favour of the preterm formula. In the larger group 
of infants whose mothers chose to provide breast 
milk, however, those supplemented with formula 
had higher mean scores in all areas of development 
than those supplemented with donor milk. The 
differences were significant in adaptive, language, 
and personal-social scores, also in overall develop- 
mental quotient where a three point advantage 
(95% CI 0-5 to 5-6, p<0-02) is seen for formula fed 


Supplement 50% or less of intake Supplement over 50% of intake 


(n=65) (n=68) (n=56) 
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Fig 1 Mean developmental quotient at nine months after 
the expected date of delivery in preterm infants randomly 
assigned to receive either banked breast milk or preterm 
formula as supplements to their mothers’ milk. Mean 
(SEM) values from babies for whom this supplement was 
50% or less of intake are shown on the left, and for those for 
whom it was over 50% are shown on the right. 
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infants. In this ‘supplement trial’, however, mothers 
provided varying proportions of their infants’ milk 
volume requirements. When mothers provided most 
of the infants’ feed volume, the nature of the 
randomly assigned supplement could not be ex- 
pected to make a major difference to outcome. Thus 
any difference in outcome between donor milk and 
preterm formula given as supplements to maternal 
- milk would be blunted. We planned in advance 
therefore to analyse the results separately for infants 
of mothers providing up to half of the enteral 
intake and those whose mothers provided more than 
half. As expected, developmental advantages for 
infants given preterm formula rather than banked 
milk were greater for those infants where the 
supplement comprised more than half of their milk 
volume requirement, with a 4-9 point advantage in 
developmental quotient for those receiving the for- 
mula rather than donor milk (101-4 (SD 10-5) 
compared with 96-5 (9-9), p<0-01) (fig 1 and 
table 4). 
Infants with neurological impairments (n=31) 
were considered separately. For those fed donor 
milk compared with formula as sole diets or 


supplement the mean (SE) developmental quotients 
were 74-4 (4-0) and 79-3 (4-9), respectively. 

A birthweight cut off of 1200 g was used for 
stratifying the randomisation, after we had estab- 
lished from local statistics that this figure was the 
watershed for prognosis. The developmental advan- 
tage for infants fed preterm formula, however, was 
equal above or below this value. 


SUBGROUP ANALYSES 

To investigate whether associations between diet 
and development were more evident in some 
subgroups, further analyses of the data were under- 
taken. For these analyses both trials were combined 
(preterm formula compared with banked milk as 
sole diets or supplements to mothers’ milk). Sub- 
groups investigated were: infants whose birth 
weights were appropriate for gestational age com- 
pared with those who were small for gestational age 
(less than the 10th centile), girls compared with 
boys, and those ventilated for less than 24 hours 
compared with those ventilated for 24 hours or 
longer. 

The results are shown in fig 2 and table 5. 


Table 4 Mean (SD) developmental scores and 95% confidence intervals for the advantage of infants fed preterm formula 
rather than banked breast milk as supplements to their mothers’ milk, in those infants in whom this supplement was more 


than half of the total intake 














Banked Preterm 95% confidence 
breast milk formula interval for advantage 
(n=68) (n=56) of preterm formula 
Overall developmental quotient 96-5 (9-9) 101-4 (10-5) 1-3 to 8-5*** 
Individual subscales: 
Adaptive 100-2 (10-7) 103-7 (10-5) -0-2 to 7-2 
Gross motor 98-3 (19-0) 103-7 (18-0) — 1-6 to 12-4 
Fine motor 95-2 (13-2) 100-3 (13-5) 0-4 to 9-8* 
Language 92-9 (9-1) 97-1 (11-2) 0-6 to 7-8** 
Personal-social 96:5 (9-9) 101-4 (11-2) 1-7 to 9-3*** 








*=p<0-05, **p=<0-025; ***p=<0-01. 





Table 5 Mean (SD) developmental scores and 95% confidence interval for the advantage in small for gestational age 
infants fed preterm formula rather than banked breast milk 











Banked Preterm 95% confidence 
breast milk formula interval for benefit 
(n=62) (n=68) of preterm formula 
Overall developmental quotient 94-3 (8-7) 99-6 (10-7) 2-0 to 8-6*** 
Individual subscales: 
Adaptive 96-7 (11-8) 103-8 (12-4) 2-9 to 11-1*** 
Gross motor 94-9 (17-3) 102-5 (18-1) 1-4 to 13-5** 
Fine motor 92-8 (9-4) 99-3 (14-0) 2:2 to 10-2*** 
Language 91-7 (7-4) 92-2 (9-9) —2-9 to 3-1 
Personal-social 95-5 (11-0) 99-9 (12-4) 0-0 to 8-1* 





*=p<0-05: **p=<0-025: ***p=<D-01. 
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Fig2 Mean developmental quotient at nine months after 
the expected date of delivery in preterm infants randomly 
assigned to receive either banked breast milk or preterm 
formula as sole diets or supplements to their mothers’ milk. 
Values shown as mean (SEM) and 95% confidence intervals 
(CI) are given for the differences: (a) size appropriate for 
gestational age (left), and small for gestational age (right); 
(b) girls (left), and boys (right); and (c) ventilated <24 
hours (left), and ventilated =24 hours (right). 


Birth weight appropriate for gestational age 
compared with small for gestational age 

The strongest association between diet and develop- 
mental quotient was seen in infants who were small 
for gestational age (<10th centile) fig 2(a), table 5). 
In this group there was a 5-3 point disadvantage 


(p<0-005) in overall mean developmental quotient 
for those fed banked milk rather than preterm 
formula. The disadvantage of donor milk in babies 
small for gestational age (trials 1 and 2 combined) is 
shown for each individual subscale in table 5: 
significant disadvantages were seen for adaptive. 
gross motor, fine motor, and personal-social scores. 
the greatest being a 7-6 point disadvantage on the 
gross motor scale (p<0-02). There was significant 
interaction between these dietary effects and feta. 
growth retardation in the adaptive (p<0-01), gross 
motor (p<0-05), and fine motor (p<0-01) scores. 
and for overall developmental quotient (p<0-05). 
showing that infants did indeed have a significantly 
greater developmental! disadvantage on donor milk 
if they were small, rather than appropriate in size for 
gestational age. 

Interestingly, infants receiving donor milk showec 
significant disadvantages in all fields of development 
except language after fetal growth retardation (table 
5), whereas in infants of appropriate birth weight for 
gestational age the only significant disadvantage 
(not depicted) was seen on the language subscale 
(donor milk: 93-9 (11-0) compared with preterm 
formula: 97-8 (13-4)) (p<0-02). In this field there 
was also some evidence of interaction between diet 
and whether or not the infant’s growth was retardec 
(p=0-09). 


Boys compared with girls ; 

Boys given preterm formula had a 3-3 point advan- 
tage in development quotient (95% CI 0-4 to 6-1), 
whereas girls had a smaller 1-7 point advantage 
(95% CI 1-6 to 4-7) (fig 2(b)). A significant 
interaction between the dietary effects and sex of 
the infant was not found, however. 


Neonatal ventilation 

In infants ventilated for less than 24 hours there was 
no significant association between diet and develop- 
mental quotient, whereas those infants ventilated 
for 24 hours or more had a mean quotient which was 
3-7 points higher if they received the formula rather 
than donor milk (95% CI 0-1 to 7-4) (fig 2(c)), with 
a 6:2 point advantage in language developmen: 
(95% CI 2-4 to 10-0, p<0-002). In language 
development there was a significant interaction 
(p<0-01) between the diet and whether the baby 
required mechanical ventilation for 24 hours o7 
more. 


Discussion 


We have tested whether early diet influences 
neurodevelopment in man in a large, randomised, 
prospective trial of feeding in preterm infants. We 
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found that the diet assigned during the early weeks 
acter birth had a significant effect on developmental 
status nine months after the expected date of 
delivery. Infants fed a special cows’ milk based 
preterm formula, had a significantly higher overall 
developmental quotient (when assessed by someone 
who was unaware of the randomisation) than those 
fed banked donor breast milk, when these diets 
were used alone and in combination with mothers’ 
expressed milk. Though preterm formula feeding 
was associated with particular advantages in certain 
fields of development and subgroups of infants, in 
no specific instance was there any advantage for 
donor breast milk. These data have important 
biological implications and are pertinent to the long 
standing debate on whether unfortified mature 
human milk meets the nutritional requirements of 
premature babies.'* 

The developmental screening inventory of Knob- 
lcch ef al that was used in this study consists of 
selected items from the Gesell developmental 
schedules.'° When Gesell developmental quotient 
and Stanford-Binet intelligence quotient at school 
age are compared, the Pearson correlation coeffi- 
cient (r) is 0-70, rising to 0-84 after weighting for 
socioeconomic state and incidence of convulsive 
seizures. We expect that the correlation between 
mean development quotient and later mean intelli- 
gence quotient in randomised groups may be even 
better than correlations based on individuals. The 
longer term significance of our findings, however, is 
tc be assessed at future follow up throughout 
childhood and beyond. 

In trial 1, banked milk and preterm formula were 
assigned randomly as sole diets; in trial 2, they were 
given as supplements to the mothers’ expressed 
breast milk (in volumes according to maternal 
success in providing sufficient milk to meet the 
infants’ total feed volume requirement). Because in 
both trials the dietary assignment was random, 
demographic and clinical factors other than diet 
were equally represented between the two groups. 
Moreover, the combination of trials 1 and 2 was a 
balanced addition so that banked milk (as sole diet 
or supplement) compared with preterm formula (as 
scle diet or supplement) was still a randomised 
comparison. 

We suggest that the observed significant differ- 
ences in developmental scores between randomised 
diet groups are biologically important. Unlike in- 
telligence quotient, the overall standard deviation 
for developmental quotient at nine months was only 
1C points. In the whole cohort the overall disadvan- 
tage in developmental quotient on‘donor milk was 
0-25 SD and in several major subgroups (see below) 
this disadvantage was 5 to 8 points (>0-5 SD). 


Although other factors (such as very low gestational 
age or severe respiratory disease) are associated 
with larger differences in developmental status at 
this age, diet is one of the few potential influences 
on development that can be manipulated in clinical 
practice. 

Given that donor breast milk conferred a later 
developmental disadvantage overall, it was surpris- 
ing that no significant differences were found in the 
comparison of banked donor breast milk or preterm 
formula as sole diets (trial 1). This was the smaller of 
the two trials, however, and the trend was generally 
towards a reduced developmental quotient on donor 
milk. The randomised comparison between donor 
milk and preterm formula as supplement to 
mother’s milk, based on a much larger sample, 
showed a significant developmental disadvantage 
for the infants fed on donor breast milk. In infants 
whose mothers provided their own milk, the 
developmental disadvantage for those receiving 
donor milk rather than preterm formula as a 
supplement was greater when the intake of supple- 
ment was more than half the feed volume require- 
ments.- This ‘dose response’ association further 
supports the evidence for an early dietary effect on 
development. 

In addition to effects of diet on overall develop- 
mental quotient, the randomised groups (trials 1 
plus 2) differed significantly in performance on four 
of the five individual subscales (adaptive, fine 
motor, language, and personal-social skills) but not 
in gross motor skills. The standard deviation on the 
gross motor score, however, was large (table 3), 
suggesting that preterm infants are selectively 
damaged in this respect, and a large population 
would have been required to detect a diet related 
difference in this subscale. Nevertheless, gross 
motor scores were significantly influenced by diet in 
infants born with retarded growth. 

Prenatal and neonatal malnutrition have each 
been shown to be associated with a 15% reduction in 
the total number of brain cells in rats; yet when 
‘doubly deprived’, with both prenatal and postnatal 
malnutrition, they suffered a 60% reduction in the 
total number of brain cells by the time of weaning.!” 
Though such data have uncertain relevance to man, 
we speculate that the infants in this study who were 
small for gestational age could be regarded as 
doubly deprived if, after intrauterine growth re- 
tardation, they were then fed an ‘unfortified’ diet 
such as banked breast milk (as a sole diet or 
supplement to maternal milk). Our previous 
studies! have indicated that human milk did not 
support intrauterine rates of somatic or head growth 
during the neonatal period, even in infants of 
normal birth weight, and certainly did not provide 
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adequate nutrition for catch up growth in most 
of the infants born after growth had been 
retarded. 

The significant interaction between diet and fetal 
growth retardation for developmental outcome indi- 
cates that infants in whom growth is retarded are 
especially vulnerable to postnatal undernutrition. 
Preterm formula fed infants had similar develop- 
mental quotients whether they were small or of 
appropriate size for gestational age, whereas infants 
fed donor milk were at a significant disadvantage if 
they were in the small for gestational age subgroup 
(fig 2(a)). Thus our data indicate that even with 
modern neonatal care. with emphasis on providing 
early nutrition, some available dietary regimens 
(especially when fed to neonates who are small for 
gestational age) may not permit achievement of full 
developmental potential in infancy. 

Smart points out that in animal studies on 
undernutrition the effects on subsequent growth and 
behaviour are generally more pronounced in males 
than in females.'® Interestingly, we showed a 
greater dietary association with development in 
male children. Furthermore, sick infants who were 
ventilated for more than 24 hours showed a greater 
disadvantage on donor breast milk than those 
receiving minimal or no ventilatory assistance. For 
these differential effects on development to have 
more than speculative importance it would be 
necessary to show significant interactions between 
diet and sex, or diet and ventilation. We identified a 
highly significant interaction between diet and 
ventilation for language development (sick ventilated 
infants on donor milk showed a 6-2 point disadvan- 
tage). For overall developmental quotient, how- 
ever, significant interactions with diet were not 
identified for either sex or ventilation, though to 
exclude such effects would have required a much 
larger number. Nevertheless, the consistency of the 
data with those in animals, together with the more 
convincing findings in infants whose growth was 
retarded, supports the view that it is the ‘vulnerable’ 
male infant who is prenatally malnourished, or sick, 
who is most severely disadvantaged if fed on an 
‘unfortified’ diet. 

Our multicentre study should be viewed as a 
group of ‘management trials’. They were designed 
to answer the question: does the diet chosen for a 
preterm infant in the neonatal unit influence long 
term outcome? No attempt has been made to 
influence dietary management in the time period 
between discharge from the neonatal unit and the 
follow up examination. As the groups were assigned 
randomly, differences in feeding practice in this 
intervening period should not have occurred unless 
part of the effect of the initial diet was to induce 


some persistent change influencing the way the baby 
was subsequently fed. 

Viewed solely as a management trial our study 
should not be expected to provide an explanation 
for any benefit in outcome that emerged. We have 
included a number of physiological and behavioural 
studies within these trials and our future analyses 
may shed light on the mechanisms responsible for 
observed outcomes. It seems plausible, however, 
that the developmental effects observed were a 
direct consequence of early nutrition, perhaps relat- 
ing to an important dietary influence on early head, 
and therefore brain, growth.” !? The explanation 
might, however, have been entirely different; for 
instance, the faster growth rate!? and hence earlier 
discharge home in preterm formula fed infants could 
have influenced the mother’s behaviour towards the 
child, with consequent effects on development. It 
should be emphasised that donor milk and preterm 
formula differ both in nutrient and non-nutrient 
contents; an overall advantage for preterm formula 
may represent the sum of both benefits and dis- 
advantages. Whether breast milk would confer a 
significant benefit over preterm formula if fortified 
to the same nutrient content is an important 
question requiring a further outcome trial. Regard- 
less of the mechanism, it was surprising that a brief 
period of dietary manipulation (median 30 days) 
could have such prolonged consequences. It is 
unlikely that a comparable period of suboptimal 
nutrition in later childhood would have any lasting 
clinical significance. We suggest that the weeks 
immediately after birth constitute a ‘critical period’ 
for nutritional management. 

The effects of early diet on later development 
shown in these infants have important implications 
for the dietary management of low birthweight 
infants, and bear on the more general issue of 
whether early diet has persistent neurodevelopmental 
consequences in man. Clearly future planned follow 
up of this cohort will permit us to examine the 
significance of our observations in terms of later 
performance. 
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Bone mineral content and body size 65 to 100 weeks’ 
postconception in preterm and full term infants 


A HORSMAN, S W RYAN,* P J CONGDON,* J G TRUSCOTT, AND M SIMPSON 


MRC Bone Mineralisation Group, Department of Medical Physics and *Regional Neonatal Surgical and 
Intensive Care Unit, The General Infirmary, Leeds 


SUMMARY A total of 36 preterm and 22 full term infants were weighed and measured at 65 to 
100 weeks’ postconception. It was found that the preterm infants were on average significantly 
lighter by 1008 g and shorter by 3-8 cm than those born at full term. Despite the smaller size of 
preterm infants, mean values of bone mineral content in the mid-forearm were not significantly 
different between the two groups. In contrast, near 40 weeks’ postconception the mean bone 
mineral content observed in 35 of the preterm infants was significantly smaller than that observed 
in eight of the full term infants. 

_ Our results suggest that there is a phase of rapid mineral accretion between 40 and 60 weeks’ 
postconception. This ‘catch up’ in mineral accretion reduces the perinatal mineralisation deficit 


that might otherwise persist into childhood. 


In most preterm infants, by 40 weeks’ postconcep- 
tion there is a substantial deficit in bone mineral 
accretion relative to full term infants observed at 
birth.!? Application of single photon absorptio- 
metry to the mid-forearm has shown that those most 
seriously affected are infants born with extremely 
low birth weight (that is, <1000 g)’; by 40 weeks 
their bone mineral content is lower by about 35% 
after accounting for reduced weight and crown-heel 
length.* Preterm infants with higher birth weights 
are similarly undermineralised by about 20%.! 
Attempts to accelerate postnatal mineral accre- 
tion in preterm infants have had variable success 
(unpublished observations).* > Radiographically de- 
tectable osteopenia has reportedly been ameliorated 
by vitamin D supplementation. Our own measure- 
ments, however, did not show more rapid mineral 
accretion in preterm infants when the daily vitamin 
Dz intake was raised from the standard 400 IU to 
1000 IU (unpublished observations). There is stron- 
ger evidence that the rate can be increased by 
mineral supplementation,* 7 but the response is 
dependent on the way the supplement is adminis- 
tered, its amount, and whether or not vitamin D 
extra to the standard daily supplement is added.* 
Our results using mineral supplemented formula 
feeds showed a significant improvement in accretion 
rate up to 40 weeks’ postconception®; however, by 


40 weeks the preterm infants were still underminer- 
alised relative to full term peers. 

The thrust of supplementation studies towards 
restoration of mineral accretion rate to its in utero 
values arises partly from the desire to minimise 
known complications of neonatal osteopenia. It is 
not known, however, whether this is simply a short 
term problem or whether it has a long term impact 
on skeletal development. The purpose of the pre- 
sent study was to compare weight, crown-heel 
length, and bone mineral content in preterm and full 
term infants 65 to 100 weeks’ postconception in 
order to determine whether or not effects of 
prematurity were detectable beyond the neonatal 
period. Differences in weight gain and linear growth 
were anticipated and particular emphasis was there- 
fore placed on the bone mineral measurements.’ 1° 


Patients and methods 


This study was authorised by the local ethics 
committee. In all, 58 infants born between May 1984 
and February 1988 were examined. They were all 
white singletons whose parents gave informed con- 
sent for the investigations to be performed. Of the 
58, 36 infants (18 of each sex) had been born 
prematurely and comprised the ‘preterm group’, 
group P. The remaining 22 (15 boys), who were 
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born after approximately 40 weeks’ gestation, com- 
prised the ‘full term group’, group F, and served as 
controls. 

Infants in group P had been born in or referred to 
our neonatal intensive care unit during a 30 month 
period commencing July 1984, While in the unit they 
had been included in studies of the efficacy of 
various feeding regimes in promoting bone mineral 
accretion during the neonatal period. After dis- 
charge from the unit they all received conventional 
formula feeds. 

Of the 22 full term infants in group F, nine had 
previously served as controls in another study when 
much younger, and participated in the present 
investigation because their parents were prepared to 
bring them from home for remeasurement. The 
other 13 infants were recruited from the local 
general paediatric ward and were measured while 
inpatients. They were selected initially on the basis 
oT age and race from all cases. presenting with acute 
non-serious illness who had no history or signs of 
bone, liver, or renal disease. Patients who had 
received medication that in any way might have 
influenced mineral metabolism were rejected, as 
were those who had not been born at full term 
(assessed from birth case notes) and those who were 
below the 10th centile for weight on standard 
charts.1! With four exceptions, all the full term 
infants received formula feed from birth; the re- 
mainder were breast fed, with weaning commencing 
at about 3 months of age. 

Gestational age (completed weeks), calculated 
from maternal menstrual history and confirmed by 
either external examination’* or ophthalmoscopic 
examination of the lens,!? had been documented in 
each case. For group P, gestational age ranged from 
26 to 31 weeks with mean (SD) 28-5 (1-8) weeks and 
for group F ranged from 37 to 42 weeks with mean 
39-3 (1-5) weeks. ; ; 

On up to three occasions but usually two, near to 
40 weeks’ postconception and in the period 65 to 100 
weeks’ postcanception, the bone mineral content 
(mg/cm) was measured at the middle of the forearm 
„of each infant by photon absorptiometry as described 
in previous publications.! > The radiation exposure 
involved in this procedure is very small, and only a 
narrow area of the forearm is irradiated during a 
sean; skin entrance dose is 0-03 mGy per investigation. 


Weight (g) and crown-heel length (cm) were usually 


measured whenever a scan was performed. 

In the postconceptional age range 37 to 45 weeks, 
complete data (that is weight (W), crown-heel 
length (CHL), and bone mineral content (BMC)) 
were obtained in 34 of the 36 preterm infants 
comprising group P; one had no measurements 
taken in that period, and in one infant crown-heel 


length was not measured. Results obtained at that 
time (‘term data’) are denoted by W1, CHL1, and 
BMC1, with PA1 denoting postconceptional age. 
Eight randomly selected members of group P (five 
boys) were also scanned while attending outpatient 
clinics when aged between 46 and 53 weeks’ post- 
conception; the resulting ‘intermediate data’, 
denoted by W2, CHL2, BMC2, were complete 
except in one case in whom weight and crown-heel 
length were not measured on the day of that scan. 
All 36 infants in group P were later scanned in the 
period 68 to 101 weeks’ postconception, again when 
they attended for outpatient review. In three 
infants, neither weight nor crown-heel length was 
measured on the day of the final scan. Results 
obtained at that later time (‘endpoint data’) are 
denoted by W3, CHL3, and BMC3. 

Soon after birth, in the postconceptional age 
range 39 to 43 weeks, complete data (that is, W1, 
CHL1, and BMC1) were obtained in eight (four 
boys) of the 22 full term infants comprising group F. 
All 22 infants were later scanned in the period 65 to 
102 weeks’ postconception. The data obtained in, 
that interval (W3, CHL3, and BMC3) were com- 
plete. None of the full term infants had measure- 
ments taken at intermediate times. 

Descriptive statistics for the term, intermediate, 
and endpoint data are given in tables 1, 2, and 3 
respectively. 


STATISTICAL ANALYSIS 

Calculations performed on the data included simple 
linear regression, F tests of the significance of the 
difference in slopes of regression lines,” and analy- 
sis of variance and covariance using type of birth 


Table 1 Descriptive statistics for observations of weight 
(W), crown-heel length (CHL), and bone mineral content 
(BMC) obtained around 40 weeks’ postconception in both 
the preterm (P) and full term groups (F) (term data). PA 
denotes postconceptional age 








PAI Wi CHLI BMCI 
(weeks) (g) (cm) (mgicm) 
Group P: 
Mean 40-4 2620 46-15 118-8 
SD 1-6 739 4-14 41:3 
Maximum 44-6 4005 52-90 224-0 
Minimum 37-4 1270 38:70 65-0 
No of subjects 35 35 34 35 
Group F: 
Mean 41-0 3344 50-38 190-9 
SD 1:2 401 1-33 20-4 
Maximum 42:7 3885 52-50 216-0 
Minimum 39:1 2795 48-60 165-3 
No of subjects 8 8 8 8 
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Table 2 Descriptive statistics for observations of weight 
(W), crown-heel length (CHL), and bone mineral content 
(BMC) obtained between 46 and 53 weeks’ postconception 
in the preterm group (P) (intermediate data). No 
intermediate data on group F were available 








PA2 W2 CHL2 BMC2 
(weeks) (g) (cm) (mglem) 
Group P: 
Mean 49-6 4029 53-71 207-9 
SD 2:8 701 3-71 44-5 
Maximum 52-7 4850 59-00 286-3 
Minimum 46-1 2950 48-80 155-7 
No of subjects 8 7 7 8 


Table3 Descriptive statistics for observations of weight 
(W), crown-heel length (CHL), and bone mineral content 
(BMC) obtained in the postconceptional age range 65-100 
weeks approximately in both the preterm (P) and full term 
groups (F) (endpoint data) 





PA3 W3 CHL3 BMC3 
(weeks) (8) (cm) (mgicm) 
Group P 
Mean 86-2 8148 71-23 301-8 
SD 79 1229 4-00 80-0 
Maximum 101-0 10750 78-50 490-3 
Minimum 68-4 5150 60-90 184-9 
No of subjects 36 33 33 36 
Group F: 
Mean 77-2 8732 7226 279-0 
SD 11-3 1203 4-66 73-0 
Maximum 101-5 11300 85-00 390-9 
Minimum 65-3 6900 64-50 174-1 
No of subjects 22 22 22 22 





(preterm, full term) as a factor. Multiple regression 
analysis including a dummy independent variable 
based on type of birth was used to fit parallel 
regression lines to the data where appropriate.'4 
These techniques were applied using postconcep- 


tional age rather than time since birth as an- 


independent variable. The resulting models can if 
necessary be used to predict the outcome of 
comparisons between preterm and full term infants 
of similar ages expressed as time since birth. 
Standard errors are denoted throughout by SE. 
Where error limits bound a mean point value, SE 
refers to the standard error of the mean. Where 
error limits about a regression line are given, SE 
refers to the standard error of the estimated mean. 


Results 


Figs 1, 2, and 3 show the individual term data for 
weight, crown-heel length, and bone mineral con- 
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Fig1 The association between body weight and 
postconceptional age in preterm and full term infants 
(endpoint data). The regression line shown fits the data on 
the full term infants. 
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Fig2 The association between crown-heel length and 
postconceptional age in preterm and full term infants 
(endpoint data). The regression line shown fits the data on 
the full term infants. 


tent in relation to postconceptional age. Although in 
previous studies of younger infants it had been 
necessary to apply logarithmic transformations to all 
three measurements,” 8 > there was no evidence in 
the current endpoint data that such a transformation 
was necessary at these higher postconceptional ages. 
Linear regression analysis was therefore applied to 
the raw data, starting with the observations on the 
full term infants. The equations, correlation coeffi- 
cients, and associated significance levels of the 
resulting regression lines shown in figs 1 to 3 were: 
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W3= 3873+62-96 -PA3 g 1=0-59, p<0-005 
CHL3= 46-00+0-3402-PA3 cm r=0-83, p<0-001 
BMC3=—16-80+3-832 -PA3 mg/cm r=0-60, p<0-005 


Preliminary inspection of the distributions of the 
observations on preterm infants relative to the 
regression lines shown in figs 1 and 2 indicated that 
weight and crown-heel length may be reduced in 
preterm infants relative to full term infants of 
comparable postconceptional age. In contrast, 
inspection of the results shown in fig 3 led us to 
conclude that there was no clear difference between 
values of bone mineral content in preterm and full 
term infants. 

Regression analysis of the weight data for preterm 
infants shown in fig 1 resulted in a regression line 
having a slope not significantly different from the 
line illustrated. Analysis of variance and covariance 
showed type of birth (whether preterm or full term) 
to be a significant factor (p<0-005) and multiple 
regression analysis was therefore performed using 
type of birth as a dummy variable. The two parallel 
lines which resulted are shown in the model illus- 
trated in fig 4. The group centroid is indicated on 
each regression line; the ends of each line indicate 
the limits of the data. The common slope was 50-2 
g/week (standard error of the slope, SES=16-4 
g/week), the lower of the two intercepts was 3851 g 
and the difference of the intercepts was 1008 g 
(SE=341 g); the time separation of the two lines was 
therefore approximately 20 weeks. The multiple 
correlation coefficient was 0-44. 

Similar analysis of the data for crown-heel length 
for preterm infants shown in fig 2 also resulted in a 
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mid-forearm and postconceptional age in preterm and full 
term infants (endpoint data). The regression line shown fits 
the data on the full term infants. 
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line with a slope not significantly different from the 
line illustrated, and analysis of variance and covar- 
iance again showed type of birth to be a significant 
factor (p<0-001). The two parallel lines resulting 
from multiple regression analysis of the endpoint 
data are shown in the model illustrated in fig 5. 
Their common slope was 0-313 cm/week (SES=0-045 
cm/week), the lower intercept was 44-50 cm and the 
difference of the intercepts was 3-76 cm (SE=0-935 
cm); the time separation of the two lines was 
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approximately 12 weeks. The multiple correlation 
coefficient was 0.49. 

Analysis of variance and covariance did not show 
type of birth to be a significant factor in the ‘term 
data’ for bone mineral content (fig 3) and a single 
regression line was therefore fitted to the combined 
observations on preterm and full term infants. That 
common line is shown in the model illustrated in fig 
6. Its slope was 2:43 mg/cm/week (SES=0-96 
mg/cm/week) and it passed through the value 286-8 
mg/cm at 80 weeks’ postconceptional age (r=0-32; 
p<0-02). The error bars drawn in fig 6 about the 
common line indicate the 2SE limits of the estimated 
mean (that is, the ordinate of the regression line at 
any postconceptional age). 

Figs 4, 5, and 6 contain exponential curves from 
10 to 40 weeks of age based on our previously 
published data on.growth in utero’; 2SE limits of 
the estimated mean logarithmic values were com- 
puted at equally spaced intervals and antilogarithms 
taken to derive the error limits shown. In each figure 
the following are also included: 

(1) A point on the in utero curve plotted at the 
mean gestational age of group P. This is the 
estimated mean value of the independent 
variable at birth for the preterm infants. 

(2) The mean values with 2SE limits of the term 
data for groups P and F (from table 1). In the 
case of group F, infants with term data com- 
prised only a small subset (n=8) of those with 
endpoint data (n=22). 

(3) The mean value with 2SE limits of the 
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Fig6 Model of changes in bone mineral content of the 
mid-forearm with increasing postconceptionai age in 
preterm and full term infants. SE denotes standard error of 
the mean for point values and standard error of the 
estimated mean for regression lines. 


intermediate data for group P (from table 2); 
again infants with those data comprised only a 
small subset (n=7 or 8) of those with endpoint 
data (n=33 or 36). 

(4) A smooth free hand curve joining the mean 
values described above for preterm infants with 
the regression line or lines representing the 
endpoint data for preterm infants. 

For weight and crown-heel length, standard 
curves are available which describe the expected 
mean values from age 28 weeks onwards"; the 
standard weight curve for full term boys is shown in 
fig 4. The same figure also contains the regression 
line with its 2SE limits for the endpoint data on the 
full term group (dotted). In fig 5 the standard crown- 
heel length curve for boys is shown from 28 weeks. 

Thus figs 4, 5, and 6 summarise how the mean 
values of weight, crown-heel length, and bone 
mineral content probably changed as postconcep- 
tional age increased in these groups of preterm and 
full term infants. In general terms, those figures 
should not be taken to describe the paths likely to be 
followed by any individual. For example, the paths 
followed by the individuals in the current study 
might have contained small plateau regions, not 
apparent in this set of data, that would only have 
been shown by frequently repeated sequential 


` measurements throughout the whole age span. 


Within the limitations of the available data, 
however, fig 4 clearly shows the sigmoidal shape of 
the growth curve for weight in both groups. Our in 
utero curve and the standard curve match up at 40 
weeks; for the full term infants, the mean weight 
near to the time of birth, 3344 (284) g (2SE limits; 
95% confidence interval is a factor of 1-18 greater), 
was consistent with the standard mean value of 
3650 g approximately. The endpoint data on the full 
term infants were also consistent with the standard 
data for boys, the error limits of the regression line 
for full term infants (dotted) encompassing the 
standard curve. At all postconceptional ages group 
P had a lower mean weight than group F. For both 
the term data and intermediate data on group P, the 
mean value of weight was significantly lower than 
the standard value (p<0-001), and the two parallel 
lines representing the endpoint data had significantly 
different intercepts (p<0-005) as indicated above. 
The absolute mean weight difference between the 
groups increased with time, from about 700 g at 40 
weeks to about 1100 gat 80 weeks. Relative to mean 
values in full term infants, these differences 
amounted to deficits of 21% and 13%. Viewing the 
two curves in fig 4 in a different way, the time lag 
between the two groups increased as postconcep- 
tional age increased: at about 40 weeks the preterm 
infants lagged behind the full term infants by about 
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five weeks; around 80 weeks’ postconception the 
preterm infants were about 20 weeks behind. 

Fig 5 similarly shows the sigmoidal shape of the 
growth curve for crown-heel length in both groups. 
Our previously published regression equation de- 
scribing length increase in utero systematically 
cverestimated crown-heel length in the postconcep- 
tional age range 30 to 40 weeks; the standard curve 
in fig 5 lies below the exponential approximation to 
the in utero data. (The systematic error is evidence 
that the exponential approximation was invalid at 
the upper extreme of the age range examined.) With 
regard to the full term infants, the term data for 
crown-heel length (mean 50-38 (0-94) cm; 2SE 
limits) tended to be low but were reasonably 
consistent with the standard value (51-5 cm approx- 
imately). At higher postconceptional ages, the 
standard curve approached almost tangentially the 
upper of the two parallel regression lines describing 
the endpoint data. At all postconceptional ages, 
group P had lower mean values of crown-heel length 
than group F. For both the term data and intermedi- 
ate data on group P, mean crown-heel length was 
significantly lower than the standard value (p<0-001 
and 0-02 respectively), and the two parallel lines 
representing the endpoint data had significantly 
different intercepts (p<0-001) as mentioned above. 
The absolute difference between the groups in mean 
crown-heel length remained essentially constant 
from 40 weeks onwards at about 5 cm. Relative to 
values in full term infants, this amounted to a length 
deficit of about 10% at 40 weeks and 7% at 80 
weeks. Again the time lag between the two groups 
increased as postconceptional age increased; at 
about 40 weeks the preterm infants lagged behind 
the full term infants by about five weeks; around 80 
weeks’ postconception the preterm infants were 
more than 10 weeks behind. 

Fig 6 illustrates the divergence and reconvergence 
of the mean bone mineral content values in the 
preterm and full term groups. For group F, the 
mean value of the term data lay very close to the line 
produced by backward extrapolation of the regres- 
sion line through the endpoint data, that is, it 
appears from these results that the rate of increase 
of bone mineral content in the full term infants was 
constant from birth onwards. The postnatal rate of 
mineral accretion was less than the rate appertaining 
in utero, even at the very lowest gestational ages 
investigated in previous studies. The mean value of 
bone mineral content for the term data (group F) 
was somewhat lower than the mean value predicted 
by the exponential in utero curve; this finding was 
anticipated on the basis of the rather low mean value 
of crown-heel length observed in:this subset of the 
full term infants (fig 5). The mean value of the 
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intermediate data for bone mineral content on the 
preterm infants lay close to the line joining the data 
on full term infants, implying that the deficit evident 
in the preterm infants at 40 weeks had been largely 
made up at 50 weeks’ postconception. The mean 
values of the term data were significantly different 
between the two groups (p<0-001), as expected 
from previous studies! °; near 40 weeks the mean 
value for group P was about 60% of the mean value 
for group F. 


Discussion 


Our weight and crown-heel length measurements 
are consistent with the common clinical observation 
that in the postconceptional age range 65 to 100 
weeks, preterm infants are lighter and shorter than 
their full term peers.’ In the groups we studied the 
weight deficit was about 1000 g and the crown-heel 
length deficit was about 4 cm. 

Those results, coupled with previous observations 
in preterm infants of substantial deficits in bone 
mineralisation at about 40 weeks’ postconception,’ 
led us to expect that there might be a systematic, 
longer term mineralisation deficit in such cases. The 
null hypothesis tested in the analysis presented 
above was that no mineralisation deficit existed after 
65 weeks’ postconception, and contrary to expecta- 
tions that hypothesis could not be rejected on the 
basis of the observations. Our present conclusion is 
therefore that we have no evidence of a longer term 
mineralisation deficit in preterm infants, despite 
their reduced body size, where mineralisation deficit 
here refers specifically to the mineral content of a 
1-0 cm length of the mid-forearm, summated over 
the two bones.? 

Although we and others have used that measure- 
ment to quantify osteopenia of prematurity in the 
neonate,! 247 it would not be valid to conclude 
from the results of this study that. osteopenia of 
prematurity has been shown to be a self remitting 
condition with no long term consequences for 
skeletal status in the broadest sense. Mineralisation 
of the forearm bones at their metaphyses, which 
were not monitored in our study, might be affected 
by prematurity; there may also be persistent effects 
of prematurity on mineral accretion at other skeletal 
sites that are not mirrored in changes at the 
mid-forearm site. 

Furthermore, as prematurity is clearly associated 
with changed bone morphology (that is, reduced 
length of the long bones), the rate of matrix 
synthesis must itself be reduced, perhaps with 
secondary effects on mineralisation. For example, 
the lack of a mineralisation deficit in the mid- 
forearm may be partly a consequence of the fact that 
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linear growth is retarded in preterm infants, the 
available mineral supply being deposited in the 
diaphysis rather than in the metaphyses, because the 
latter grow less rapidly than they should in those 
cases. The bones of preterm infants are not only 
shorter; the distribution of mineral within the 
forearm bones appears to differ from that in full 
term infants. In such a situation, the limits of our 
present methodological approach have been 
reached, and future studies may need to include, for 
example, measurements of the length of the miner- 
alised region in the radial diaphysis. 

There are currently few published results with 
which our endpoint data can be compared. 
Although several groups have used peripheral 
absorptiometry to examine bone mineralisation in 
the first year of life,?1°*4 currently no other 
published study has involved both preterm and full 
term infants in the postconceptional age range 65 to 
100 weeks. Previously published data from Chan 
and coworkers on somewhat younger full term 
infants”. and preterm infants,” who were rather 
heavier than our cases, however, are consistent with 
our findings. Comparison of their data from the two 
studies shows that by the postconceptional age of 
56 weeks the mean value of bone mineral content 
observed in their preterm group (103 mg/cm) was 
similar to the mean value observed in their full term 
group (110 mg/cm). 

If preterm and full term infants do in fact have 
very closely similar mean values of bone mineral 
content by about 60 weeks’ postconception, yet 
differ substantially at 40 weeks, it is an obvious 
deduction that, in the interval 40 to 60 weeks, 
preterm infants must have a higher rate of mineral 
accretion than full term infants. Published data from 
several sources strengthen this conclusion and also 
highlight the large interindividual variability in the 
rate of mineral accretion. Between 40 and 56 weeks’ 
postconception, preterm infants have been shown to 
increase their bone mineral content value by be- 
tween 30% and 60% of the mean value observed in 
full term infants close to the time of birth. "7 18 
Over the same period term infants have been shown 
to increase their bone mineral content values by 
smaller amounts, in the range 11 to 45%.” 3 

Our observation of accelerated mineral accretion 
in the forearms of preterm infants between 40 and 
60 weeks’ postconcepiion is therefore consistent 
with the findings of other workers. The acceleration 
appears to be of sufficient magnitude to reduce 
substantially the large mineral deficit which 
develops in preterm infants in the immediately 
postnatal period and which might otherwise persist 
into childhood. Detection of residual effects too 
small to be revealed by the current study would 


require a different experimental approach, perhaps 
involving radiography and frequent sequential 
observations of individuals throughout the whole 
span of postconceptional ‘age under investigation. 
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Norrie’s disease: a prospective study of development 


H M GOODYEAR, P M SONKSEN, AND H McCONACHIE 
Department of Developmental Paediatrics, The Wolfson Centre, Hospital for Sick Children, London 


SUMMARY Developmental progress, hearing, and dysmorphic features were monitored prospec- 
tively in eight babies with Norrie’s disease (an X linked form of congenital blindness believed to 
be associated with mental retardation, regression, sensorineural deafness, and dysmorphic ` 
features) and in six congenitally blind peers during their preschool years. No evidence of 
sensorineural deafness or dysmorphology was found in the group with Norrie’s disease. No 
significant difference in the rate of developmental progress occurred between the two groups. All 
14 children showed continuing developmental progress and in 10 this was at a normal or superior 
rate. Two cases and two controls showed slowing in their rate of progress; in both groups a 
suboptimal developmental climate had prevailed and may have been contributory. 

The emphasis on serious and progressive associated disabilities in past reports has led to 
considerable distress for families of children with this disease. Our study suggests that these 
anxieties may often be illfounded. Parental depression constrains development, particularly 
when a baby is blind. More optimistic counselling with developmental guidance is recommended 
for children who are not overtly retarded in infancy until the long term developmental 
perspective of this disease is further clarified. 


Norrie’s disease is an X linked recessive condition of 
bilateral ocular malformation and blindness. Gor- 
don Norrie (1927) identified nine Danish boys with 
‘atrophia oculi congenita’.! The eye looked as ‘if it 
had decayed after a very serious process of inflam- 
mation’. In 1961 Andersen and Warburg proposed 
these cases of congenital bilateral pseudotumour of 
the retina should be named Norrie’s disease.” 

The initial ocular manifestation of Norrie’s dis- 
ease is a grey or greyish yellow tumour like mass 
(pseudotumour) behind both lenses. During the first 
few months of life, the lenses develop cataracts and 
the corneas progressively opaque. Ocular pathology 
includes haemorrhage, vitreous opacities, 
glaucoma, iris atrophy, and synechiae. Phthisis 
bulbi is present by the end of the first decade. 

Blindness is usually total by the end of the neo- 
natal period. A few children have preservation of 
light perception in the first few years. Warburg post- 
ulated that blindness in Norrie’s disease is due to a 
developmental dysplasia of the retina, which leads 
to total retinal detachment and proliferation of 
retinal vessels. The detached retina is seen behind 
the lens as a white vascular mass. 

Family histories, when present, have suggested X 
linked inheritance.” * Diagnostic difficulty arises in 


the absence of a family history as the retinal 
dysplasia is not specific for Norrie’s disease. Recent 
genetic advances are likely to help with diagnosis in 
the future; the gene for Norrie’s disease (NDP) is 
thought to be closely linked on the regional map to 
locus DXS7 which is defined by the probe L1.28.° 
Deletion of locus DXS7 has been reported in some 
recent cases of Norrie’s disease. 7 A mother must 
be heterozygous for the L1.28 restriction fragment 
length polymorphism for the probe to be 
informative. 

Sensorineural deafness has been reported in 
several studies of Norrie’s disease.2!! Warburg 
found deafness in approximately a third of cases.? In 
her 1977 study, she proposed that hearing loss was 
progressive and appeared in early or middle 
childhood.'? Deafness has been reported as early as 
4 months of age.” 

A characteristic Norrie’s disease facies was 
described by Donnai et al’: with fine features, 
narrow nasal bridge, hypotelorism, flattened malar 
region, thin upper lip, and large ears. Microcephaly, 
cryptorchidism, and limb anomalies have also been 
described.’ !! Clinicians have increasingly used 
evidence of deafness and dysmorphology as con- 
firmatory criteria for diagnosis of Norrie’s 
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Table 1 Medical, social, and family background of children with Norrie’s disease (a-h) and controls (A-F) 














Case Pregnancy and delivery Gestation irth Family history Age at diagnosis Diagnosis Medical and social 
(weeks) weight problems and dysmorphic 
(2) features 
a Normal pregnancy, 41 300 2 days Congenital Intermittent conductive 
caesarean section for buphthalmos, hearing ‘loss. Parental 
transverse lie 10 weeks Norrie’s disease separation and divorce 
1985-7 
b Normal pregnancy, forceps 41 3000 Brother of case a 1 day Nortie’s disease Social factors as above 
delivery for failure to 
progress 
E Threatened miscarriage at 20 3320 2 days Congenital 
12 weeks treated with buphthalmos 
progestogens, forceps 
delivery 8 weeks Norrie’s disease 
d Normal pregnancy, normal 40 3000 Brother of case c 1 day Norrie’s disease 
i delivery 
e Pre-eclampsia, normal 40 3400 Parents first 8 weeks* Norrie’s disease Severe eczema and 
delivery cousins, two great asthma at 18 months, 
uncles blind many hospital admissions 
f Normal pregnancy, normal 40 4500 6 weeks* Norrie’s disease 
delivery 
g Normal pregnancy, normal 40 2900 1 day (white Norrie’s disease 
delivery mass right eye) 
h Normal pregnancy, normal 39 2600 6 weeks* Norrie’s disease 
delivery 
A Threatened miscarriage at 40 3000 1 day Anophthalmos Hospital admissions for 
12 weeks, normal delivery wheezy bronchitis 
B Flu-like illness at 24 weeks, 40 3000 6 months* Hypoplastic Severe social deprivation 
normal delivery optic discs, from 1-5 years; taken 
retinal aplasia into foster care age 
2-5 years 
Cc Normal pregnancy, normal 40 2700 1 day Anophthalmos Jaundice, given 
delivery phototherapy in 1st 
week of life 
D Normal pregnancy, 41 3460 Parents first cousins 1 day Anophthalmos Pyloric stenosis at 
caesarean section for fetal 3 weeks. Absent left 
distress index fingernail, 
widely spaced toes and 
nipples 
E Bleeding due to placenta 38 2950 Parents first cousins 1 day Anophthalmos Bilateral syndactyly 
praevia, caesarean section second and third toes, 
absent fifth toes; 
preauricular skin tag 
left ear 
F Small bleed at 12 weeks, 40 3200 3 months Hypoplastic optic Jaundice, given 


normal delivery 





*Not fixing or follawing. 


disease.’ ®© "© Our clinical experience has led us to 
doubt the diagnostic status of these signs. 
Mental retardation has been described in Norrie’s 
disease. Warburg’s study in 1966 is the main source 
of developmental knowledge on Norrie’s disease. 
She looked at 35 cases consisting of children in 
institutions for the blind and cases found from 
retrospective data.? Sources included The Index of 
Diagnoses of Ocular Diseases in Mentally Deficient 
Fatients in Denmark and a survey of blind adults in 
homes for the mentally deficient. Forty five per cent 


discs phototherapy in ist 
week of life. 
Glucose-6-phosphate 
dehydrogenase 


deficiency 





(16/35) were born before 1900 and documentation of 
early milestones and development is scanty. 
Warburg described normal development during the 
first two years of life in all boys.? 4 Subsequent 
progress was then distributed equally between three 
categories. Development continued normally into 
adult life in approximately one third of cases. Slow- 
ing of development was noted in another third after 
the age of 2 years; they presented as moderately 
slow learners in their early school years but con- 
tinued to lose skills in teenage and adult life. The 
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remaining third regressed rapidly after the age of 
2 years losing their previous skills. Our clinical 
experience led-us to question the developmental 
perspective outlined by Warburg. 

This study was undertaken to review early 
developmental patterns, sensorineural deafness, 
and dysmorphic features in Norrie’s disease. 


Subjects and methods 


The diagnostic criteria for Norrie’s disease applied 
in this study are a clinically compatible retinal 
dysplasia and total blindness present in the first few 
months of life coupled with negative history and 
investigation for alternative aetiological factors. 

Development has been prospectively monitored 
in children with Norrie’s disease and compared with 
the development of a control group blind from other 
causes. The study and control groups were derived 
from 345 children referred to the developmental 
vision clinic at the Wolfson Centre from 1975-86. 
Children referred to this specialised clinic are all 
severely visually impaired and often multiply 
disabled. Those with any residual sight after the first 
few months of life or a history of prematurity, 
congenital infection, ‘brain damaging’ events or 
abnormality on computed tomography were ex- 
cluded. Eight cases fulfilled the above criteria for 
Norrie’s disease. Six totally blind children fulfilled 
the criteria for the control group. 

Assessments were performed at regular intervals 
by a psychologist and a paediatrician for children in 
both groups. The following details were recorded 
for each case: family history, physical features, and 
hearing and growth indices. Development was 
assessed on the Reynell-Zinkin developmental 
scales of young visually handicapped children, using 
the sensorimotor understanding and verbal 
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comprehension subscales. Scores were compared 
with age equivalents for blind children derived from 
the standardisation sample of Reynell.> The 
progress of children after they reached the age of 5 
years was monitored using the British ability scales, 
sighted norms.’ The four subscales thought to be 
least affected by visual impairment—that is, verbal- 
tactile matching, recall of digits, verbal fluency, and 
similarities—were used. Hearing assessments were 
performed by distraction technique,’ discrimination 
of speech, free field audiometry, or audiometry with 
headphones as developmentally appropriate. 


Results 


There was no history of neonatal difficulties or 
medical history relevant to blindness in either group 
(table 1). A positive family history was obtained in 
five of the children with Norrie’s disease: the 
parents of one child (case e) were first cousins and, 
therefore, had in common two great uncles who 
were blind but of normal development, and cases a 
and b and c and d were sibling pairs. There was no 
family history of blindness in the control group. Two 
sets of control parents were first cousins (of cases D 
and E) but blindness did not feature in any family. 
Dysmorphic features were noted in two of the 
control children (cases D and E) but none of the 
study group. 

Hearing loss was detected in one child with 
Norrie’s disease (case a) and in none of the controls. 
The loss in this case was conductive and had been 
intermittent, associated with flat impedance curves 
and dull eardrums on inspection. At 6-8 years of 
age, hearing was normal on the right and a 30 dB 
conductive loss was present on the left. 

The developmental progress of study and control 
groups is shown in table 2 and figs 1-4. There was no 


Table 2 Developmental! progress assessed on Reynell-Zinkin developmental scales 





Sensormotor understanding 


Verbal comprehension 








Age Group 2Blind norm <Blind norm 2Blind norm <Blind norm Total 
band* 
1 Norrie’s 7 1 6 2 8 
Control 4 1 4 1 5 
2 Norrie’s 6 2 6 2 8 
Control 3 3 2 4 6 
3 Norrie’s 5 3 5 3 8 
Control 3 3 1 5 6 
4 Norrie’s 5 2 5 2 7 
Control 2 1 2 1 3 
5 Norrie’s 4 2 4 2 6 


*Assessment closest to date of Ist, 2nd, 3rd, 42h, and 5th birthdays. 
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Fig1 Sensorimotor understanding in Norrie’s disease. 
*Each item on this subscale of the Reynell-Zinkin 
developmental scale scores 1; the Raw score indicates the 
number of items achieved. 
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Fig2 Sensorimotor understanding in controls. * Each item 
on this subscale of the Reynell-Zinkin developmental scale 
scores l; the Raw score indicates the number of items 
achieved. 


significant difference in development between the 
two groups at any age (Fisher’s test of exact 
probability). The only finding to approach signifi- 
cance was verbal comprehension at 3 years of age, 
where the difference was in the opposite direction to 
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Fig3 Verbal comprehension in Norrie’s disease. * Each 
item on this subscale of the Reynell-Zinkin developmental 
scale scores 1; the Raw score indicates the number of items 
achieved. 


that expected from Warburg's retrospective data. 
Six children with Norrie’s disease (75%) and four 
controls (66%) showed steady rates of development. 
In eight children (from both groups) this was at or 
above the blind ‘norm’; in one child with Norrie’s 
disease, and one control (cases g and D) this was 
just below the blind ‘norm’. Four of the children 
with Norrie’s disease (cases a, c, d, and f), who were 
recently reassessed on the British--ability scales, 
scored in the above average range and two (cases a 
and f) in the superior range of norms for sighted 
children. Four children, equally divided between 
study and control groups (cases b, e, A, B), showed 
a plateauing in their developmental skills around the 
age of 2 years. At last assessment they would be 
described as mentally retarded. In both groups, 
regression or poor progress seemed to be associated 
with illness requiring frequent hospital admissions 
or social deprivation (table 2). All these children 
showed evidence of continuing development, 
although at a slower rate than normal. 


Norrie’s disease: a prospective study of development 


32 Blind mean 


Raw score * 





Chronologicai age (years) 


Fig 4 Verbal comprehension in controls. * Each item on 
this subscale of the Reynell-Zinkin developmental scale 
score 1; the Raw score indicates the number of items 
achieved. 


Discussion 


A conductive hearing loss was present in one child 
with Norrie’s disease. There was no evidence of 
sensorineural hearing loss in the first five years 
among our sample of children. Our study does not 
confirm reports of early onset of sensorineural 
hearing loss. A developmentally age appropriate 
test was selected for each child in our study, thereby 
overcoming Warburg’s difficulty in obtaining 
reliable hearing assessments in cases who were 
mentally retarded or unable to speak. Most hearing 
losses were identified in the third decade of life in 
Warburg’s series so we propose to continue to 
monitor hearing prospectively in our group. 

The characteristic facies described by Donnai et 
al’ and other physical features such as cryptor- 
chidism, microcephaly, and limb anomalies were 
absent in our series. Warburg did not discuss 
dysmorphic features in her description of Norrie’s 
disease. When such features are associated with 
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Norrie’s type retinal dysplasia the explanation may 
lie in the width of the faulty gene segment of the X 
chromosome in the individual case. 

Genetic considerations make precise diagnosis 
important. A female carrier of the Norrie’s disease 
gene has a 50% chance of having an affected child if 
the fetus is male. Other ocular conditions that 
require to be differentiated are bilateral retino- 
blastoma, retinoschisis, falciform detachment of the 
retina, retrolental fibroplasia, and syndromes with 
retinal dysplasia.” Serial ocular examinations by a 
specialist during the early weeks of life facilitate the 
differential diagnostic process. Our findings suggest 
that diagnostic criteria should be primarily visual 
and ocular and not include the range of associated 
features such as mental retardation, dysmorpho- 
logy, and hearing impairment. Total blindness by 
the age of a few weeks plus ocular signs compatible 
with a Norrie’s retinal dysplasia together with exclu- 
sion of the other conditions mentioned above should 
at present be the essential criteria. A positive family 
history is strong supportive evidence but not 
essential.” The recent identification of the gene 
locus for Norrie’s disease and the discovery of a 
suitable probe have made prenatal diagnosis 
possible. Extension of the research is likely to 
clarify whether adjacent sites are abnormal in those 
cases with associated features and whether in such 
families they tend to breed true. 

In the current study, prospective monitoring of 
early development in Norrie’s disease has. shown a 
different perspective to that described by Warburg. 
Most of these children are of normal ability when 
compared with their blind peers. Children with 
Norrie’s disease were not more likely to be mentally 
retarded than controls. The two children who 
showed superior mentality at the age of over 5 years 
when assessed using the British ability scales 
(sighted norms) emphasise the existence of such a 
subgroup. Warburg reported that a third of children 
with Norrie’s disease show regression of develop- 
ment during the preschool years. A quarter of our 
sample (cases b and e) showed plateauing followed 
by slow progress rather than further regression. 
Some of the difference in developmental perspective 
of the two series may reflect a sampling bias; the 
population of Warburg’s series was drawn mainly 
from institutions for the blind and the data was 
mainly retrospective. Blind children are particularly 
susceptible to developmental stasis or regression if 
the developmental climate is suboptimal as a 
consequence of emotional deprivation or admission 
to hospital.'* Such a climate prevailed in both study 
and control group children in whom such a pattern 
was seen. 

The possibility that their son and future sons may 
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not only be blind, but could develop further impair- 
ments such as mental retardation or deafness, 
greatly increases parental anxiety and distress. This 
concern will be mirrored in young couples related to 
the mother.!? Warburg’s 1966 review and recent 
case reports understate the cases who remain of 
average or superior intelligence throughout 
life, ? B and thus heighten rather than alleviate 
parental and professional despair about Norrie’s 
disease. Despair and depression can reduce a 
mother’s ability to interact and promote her baby’s 
development—a developmental disaster for a blind 
baby.” Until further studies show the true long term 
perspective in this disease a more optimistic 
approach, coupled with a programme to promote 
‘ development, is recommended as the wisest 
developmental counsel in cases who do not show 
overt retardation in the early months. 
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Chronic cough in a hospital population; its 
relationship to atopy and defects in host defence 
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SUMMARY The background and aetiology of chronic cough were investigated by comparing 60 
children under 6 years with simple cough, 60 children with asthma, and 60 controls. Both cough 
and asthma were more common in boys and associated with a history of eczema, chest deformity, 
and skin reactivity to inhaled allergens, but these findings were more prevalent in asthma than 
cough. House dust mite sensitivity was found in 34 (57%) children with cough, 45 (75%) with 
. asthma, and six (10%) controls. Tests of immunological function showed some high concentrations 
of IgM in groups with both cough and asthma, but high IgE concentrations, eosinophilia, and 
lymphocytosis were significant only in asthma. IgG, and IgG, concentrations were raised in some 
children with cough or asthma, but the only low subclass concentrations were of IgG; observed in 
the group with cough. Children with simple cough represented a heterogeneous population but 


many showed evidence of atopy. Major defects of immunity were not observed. 


Cough is a symptom of respiratory disease but is not 
an illness in itself. The most common cause is a self 
limiting viral infection of the upper respiratory tract 
which lasts from a few days to two to three weeks.! 
A persistent or recurrent cough in a young child is a 
familiar problem in paediatric practice but it can be 
difficult to determine the aetiology. There may be 
an identifiable chronic infection, for example, 
pertussis or tuberculosis, a source of recurrent 
infections, for example, cystic fibrosis or bronchiec- 
tasis, or a history suggesting aspiration. Cough 
associated with wheeze and dyspnoea generally 
indicates asthma.7* In many cases the coughing 
child suffers from no recognisable disease but 
‘complains of a non-productive cough without 
wheeze that interrupts sleep, disturbs the family and 
may restrict activity. The cough is frequently 
resistant to innumerable remedies, which include 
cough suppressants, decongestants, antibiotics, and 
inhalations. 

Chronic persistent cough has been attributed to ill 
defined conditions that reflect current opinions 
rather than medical evidence. The literature cites 
‘post-nasal drip’, enlarged adenoids,  ‘sino- 
- bronchitis’, ‘chronic bronchitis of childhood’, and 
more recently gastro-oesophageal reflux or recurrent 
upper respiratory tract infection with impaired 
immunity.”"'? The current trend is to attribute 


chronic cough to mild or early asthma precipitated 
by house dust, exercise, or frequent viral infections 
of the upper respiratory tract. Parents of asthmatic 
children often recall frequent episodes of cough 
before the child develops wheeze, and impaired lung 
function or increased bronchial reactivity have been 
reported in older children and adults with chronic 
cough.'*!7 Exercise or nocturnal cough may be 
attributed to asthma but there is little direct 
evidence that cough alone indicates -asthma in 
children too young to cooperate with lung function 
tests. 

This study identifies 60 children under 6 years old 
with chronic simple cough and compares their 
medical history, physical findings, immunological 
indices and skin reactivity to inhaled allergens with 
60 children with asthma and 60 children without 
respiratory symptoms. The purpose was to deter- 
mine whether children with cough could be dis- 
tinguished from those with asthma or from children 
without respiratory symptoms with regard to 
evidence of atopy or defects in humoral immunity 
that could predispose to upper respiratory tract 
infection. 


Patients and methods 


In the cough group 60 children up to 6 years of age 
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were recruited. They comprised all children referred 
to a paediatric outpatient clinic with persistent 
cough (lasting more than two months) or frequent 
episodes of cough—that is, cough for one week each 
month during the previous six months. The cough 
was not associated with audible wheeze and medical 
advisors had heard no added sounds on ausculation 
of the chest. Three of the 60 children had been 
referred initially to the ear, nose, and throat 
department but cough was their predominant 
symptom. 

In the asthma group 60 children attending out- 
patients were studied. They were children in whom 
asthma was defined as cough with wheeze, breath- 
lessness, and bronchospasm during at least two 
separate episodes over a period exceeding two 
months. None was taking oral steroids. 

Children with abnormal chest radiography (other 
than hyperinflation and mild bronchial thickening), 
evidence of systemic disease, and with ill defined 
wheeze or bronchospasm were excluded from both 
the cough and asthma groups. 
` The control group comprised 60 children of 
similar age recruited from hospitals in the area. 
They were admitted for routine surgical procedures: 
circumcision (n=25), hernia (n=15)}, orchidopexy 
(n=5), strabismus (n=4), and minor urological 
procedures (n=8); three were outpatients attending 
for medical conditions other than those involving 
the chest (encopresis, enuresis, and feeding prob- 
lems). Children with a history of frequent respira- 
tory infections and those admitted for ear, nose, and 
throat surgery were excluded. 

The children in the cough and asthma groups were 
recruited consecutively but the inclusion of control 
patients was adjusted to obtain a similar sex ratio to 
those in the cough and asthma groups. Informed 
verbal consent was obtained from a parent. The 
study was approved by the ethical committees of 
each district health authority. 

The children in the cough and asthma groups were 
examined by the consultant paediatrician (HML) 
who completed a standard proforma, assisted by the 
research sister (HT). The research sister herself 
interviewed the parents of control children and 
completed the questionnaire with the help of the 
admitting surgical house officer. All children in the 
study (180) were weighed and measured and the 
measurements were plotted on centile charts. "ë 

Children underwent skin prick tests with eight 
common inhalent allergen extracts using Merck 
reagents: house dust mite (Dermatophagoides ptero- 
ayssinus), house dust, cat fur, dog fur, grass pollen, 
tree pollen, mixed feathers, mixed moulds and with 
histamine and a control solution. All tests were 
performed by the research sister. A wheal diameter 


.3 mm greater than any control wheal was regarded 
as positive. 

Five ml of blood was taken for: differential white 
cell count, total serum immunoglobulins, immuno- 
globulin G subclasses, classical and alternative 
complement pathway activity, and opsonisation 
capacity. Whole blood was transported to the 
immunology laboratory within two hours where 
serum was separated and stored at —70°C. 


LABORATORY METHODS 

Full blood counts were measured on a Coulter S and 
a manual differential count estimated on 100 cells. 
Serum immunoglobins and complement components 
C3 and C4 were measured by rate nephelometry 
(Beckman Auto ICS). Classical complement 
pathway activity (CHs)) was measured by Mayer’s 
method”? and alternative pathway activity by a 
modification of the method of Platts~Mills and 
Ishizaka.”” Immunoglobulin G subclasses (G,-G,) 
were measured by single radial immunodiffusion 
using suitable mouse monoclonal antibodies 
assigned by an International Union of Immuno- 
logical Societies/WHO Study (Binding Site Ltd).?! 
The standard used was the UK SPSO1 calibrant 
(SAS Protein Reference Unit). The sensitivity of the 
assay ranged from 0-1 g/l for IgG, to 0-05 g/l for 
IgGy,. 

- Results were accepted only if the sum of the four 
IgG subclasses was within 10% of the total IgG 
measured by rate nephelometry. Total IgE was 
measured by animmunoradiometric assay (Hybritech 
Tandem R IgE) and opsonisation of saccharomyces 
cerevisiae by the method of Yamamura, Bolder, and 
Valdimarsson and expressed as a percentage of a 
normal human reference serum aliquoted and stored 
at —70°C.2 


STATISTICAL METHODS 

Data from cough, asthma, and control groups were 
presented on three by two contingency tables and 
analysed using ¥3 (two degrees of freedom), and 
when results indicated deviation from a null hypoth- 
esis (¥3<0-05) each of the three groups was retested 
against each other using x; (one degree of freedom), 
with Yates’s correction. 

The immunological data were tested for a normal 
distribution using a Kolmogorov-Smirnov test for 
goodness of fit. Data analysis was based on non- 
parametric methods because of the skewed distribu- 
tion of most of the immunological parameters. ` 
Mann-Whitney U tests and Kruskal-Wallis one way 
analysis of variance were used to compare values 
between the three groups. The effects of age on the 
data were examined visually by scatter plots and by 
using Spearman rank correlation coefficients. 
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Table 1 Sex and age distribution and medical and social history of children in study 

















Cough Asthma Control Significance 
(n=60) (n=60) (n=60) 

No of boys (%) 44 (73) 42 (70) 45 (75) 

No of girls (%) 16 (27) 18 (30) 15 (25) 

Median age (years) 3-4 2-7 4-2 t 

Age range (years) 0-5-5-9 0-5-6-2 0-5-6-4 

No (%) with history of eczema 16 (27) 27 (45) 7 (12) * 

No (%) with possible whooping cough in previous year 6 (10) 0 8 (13) $ 

No (%) with duration of respiratory symptoms >1 year 21 (35) 35 (58) 0 * 

No (%) with asthma in parent or sibling 20 (33) 23 (38) 13 (22) 

No (%) with smoker in household 33 (55) 33 (55) 25 (42) 

No (%) with single or unemployed parent 15 (25) 13 (22) 9 (15) 

*=p<0-05 by 32. 

Results There were no significant differences between the 


SEX AND AGE DISTRIBUTION AND MEDICAL AND SOCIAL 
HISTORY (TABLE 1) 

There were more boys than girls in both cough and 
asthma groups. Controls were significantly older 
than other children in the study (Kruskal-Wallis 
analysis of variance: F=7-33, p=0-001) but this was 
considered in the statistical analysis. There was a 
significant increase in a history of eczema in those 
with asthma compared with controls ({=14- 8, 

p=0-0003). Eczema was reported less often with 
cough than with asthma Gú=3- -62, p=0-05) but 
more often than in the control group (x{=3- 44, 

p=0-06). No child with asthma gave a history of 
possible whooping cough in the previous 12 months 
(g= 8-06, p=0-018) but the diagnosis might not be 
suspected i in an asthmatic. In none of the children 
with cough had pertussis been proved bacteriologi- 
cally. More children with asthma gave a history of 
respiratory symptomş exceeding one year than those 
with simple cough (yi=5- -66, p=0-017). In the cough 
and asthma groups there were more children with a 
family history of asthma, with a smoker in the 
‘household, or with an unemployed or single parent, 

but these findings were prevalent in control families 
and failed to reach significance. 


Table 2 Skin test reactions to inhaled allergens 





three groups in the frequency of neonatal respira- 
tory illness, in a history of pneumonia or bronchiolitis 
in the first year, or of urticarial reactions. Neither 
the racial origin of the parents nor perception of 
damp housing could be related to cough or asthma. 


PHYSICAL EXAMINATION 

The centiles for height and weight were plotted asa 
histogram for each group and showed a similar 
distribution in each. Chest deformity (troughing of 
the rib cage or sternal bowing) was considered mild 
or marked in 10/60 (17%) in children with cough, 
27/60 (45%) with asthma, and in none of the 
controls. Chest deformity was observed in signi- 
ficantly more children in the asthma than in the 
cough group (Ġ=8- -84, p=0-003). 


INVESTIGATIONS 


Skin tests 

Significantly more children with asthma or cough 
reacted positively to skin testing than controls 
(2=63-3, p<0-0001) and the frequency of reactions 
was higher i in asthma than cough OG=4- 03, p=0-04). 
Reaction to house dust mite was the single most 
common sensitivity (table 2). 








Cough Asthma Control Significance 
(n=60) (n=60) (n=60) 

No (%) with one or more positive resultst 38 (63) 48 (80) 6 (10) 

No (%) positive to house dust mite 34 (57) 45 (75) 6 (10) 

No (%) with five or more positive reactions 15 (25) 24 (40) 0 








*=p<0-05 by x3. 
tWheal >3 mm. 
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Differential white cell counts 

Peripheral white cell counts were analysed in 56 
children with cough, 58 with asthma, and in 60 
controls. A moderate rise of the lymphocyte count 
(5-0-10-0x10%/1) was observed in 29 children with 
asthma compared with 13 with cough and seven 
controls (y2=21-17 p=0-0001) but a count exceeding 
10-0 10°/1 was found in only two children, both in 
the cough group. A moderate rise of the eosinophil 
count (0-5-1-010/1) was observed in 15 children 
with asthma, five with cough, and in three controls 
(x?=12-51 p=0-002). Eosinophil counts exceeding 
1-0X10°/1 were recorded in only five children with 
asthma, four with cough, and in one control; this 
was not significant. 


Alternative complement pathway 

There was no significant difference in alternative 
' pathway activity between the three groups and no 
dependence on age. Activity was low in 3/60 
children with cough, 7/60 with asthma, and in 6/60 
controls. 


Immunoglobin and IgG subclass concentrations and 
classical complement pathway (60 children in each 
group) 

Only IgG and IgM concentrations (for entire 


Table 3 Fifth and 95th centile and median values for 
immunology in 46 control children aged 3-6 years 








Sth Centile Median 95th Centile 

IgG (g/l) <4-45 75 >10-9 
IgA (g/l) <0-34 0-66 >1:12 
IgM (g/l) <0-12 0-81 >1-29 
IgE (kU/) <1-0 16-3 >540 
IgG, (g/l) <3-25 5-22 >7-4 

IgG, (g/l) <0-37 0-99 >2-07 
IgG; (g/l) <0-18 0-33 >0-51 
IgG, (g) <0-02 0-2 >0-84 
CHo (U/10°/1) <24 36 >47 

C3 (g/l) . <0-65 0-92 >1-28 
C4 (g/l) <0-10 0-15 >0-22 
Opsonisation <73 101-5 >110 

capacity“ 





*% Laboratory control. 


population and each group) were consistent with a 
normal distribution, so suitable non-parametric tests 
were used in preference to log transformation.” All 
serum concentrations except IgM and IgG were 
highly correlated with age when the whole popula- 
tion was examined (Spearman rank correlation 
coefficient, p<0-05). Scatterplots of age against 
concentration were examined visually and a plateau 
at 3 years was apparent. Each group was then 
divided into those under 3 years and those 3 years 
old or more. When the correlation coefficients were 
recalculated for children aged 3 years and over the 
effect of age was not significant for all indices except 
IgA and IgE concentrations, which continued to 
rise; hence only those over 3 years were included in 
the comparative analysis. 

In the age range 3-6-4 years there were 36 
children with cough, 28 with asthma, and 46 
controls. For all the immunological indices the 
median, fifth, and 95th centile values were calcu- 
lated from the control group in order to establish the 
population’s normal range (table 3). The cough and 
asthma groups had significantly higher concentra- 
tions of IgM than the control group (Mann-Whitney 
U test, p=0-02). 

The IgE levels in the asthma group were much 
higher than in cough or control groups. In all three 
groups IgE showed a distribution skewed towards 
high concentrations. Even in the control group 6/46 
children had values of IgE above a generally 
accepted upper limit of 100 kU/l. Two of these 
children had reacted positively to skin testing but 
the other four had no evidence of atopy. There were 
no significant differences in the distribution of IgA 
and total IgG or IgG subclasses between the three 
groups, but there was a trend towards high IgG, 
concentrations in cough (p=0-06) and high IgG, 
concentrations in asthma (Mann-Whitney U test, 
p=0-09). In order to identify small subgroups of 
patients with immunological abnormalities contin- 
gency tables were drawn of those children with 
cough or asthma whose immunological indices fell 
outside the fifth to 95th centile range established 
from the control, group (table 4). High IgG, and 


Table 4 Immunological abnormalities in children with asthma and cough, outside the fifth and 95th centile range for 


controls aged 3-6 years. Results are No (%) 








Cough Asthma Control Significance 

(n=36) (n=28) (n=46) (7G, p value) 
High IgM 11 (31) 8 (29) 4(9) 7-17, 0-027 
High IgE 0 8 (29) 3 (7) 15-35, 0-0008 
High IgG, 11 (31) 5 (18) 3 (7) 8-17, 0-017 
High IgG, 0 5 (18) 3 (7) 7-51, 0-023 
Low IgG, 11 G1) 2(7) 1 (2) 15-7, 0-0007 





IgG, concentrations were apparent in cough and 
asthma. Low concentrations of IgG subclasses were 
observed only for IgG; and in children with cough 
but the values were only just below the 5th centile 
control level, hence this effect was not shown using 
the Mann-Whitney U test. There were no significant 
differences between the three groups for C3 or C4 
concentrations, CHs,, or opsonisation capacity 
using either the Mann-Whitney U test or contingency 
tables. An abnormality of more than one immuno- 
logical variable was observed in a few children but 
the numbers were too small to establish inter- 
relationship. Similarly no correlation could be 
shown between immunological data and positive 
skin tests. 


Discussion 


Most children with chronic simple cough showed 
evidence of atopy in their reactions to skin testing 
and their history of eczema. Cough and asthma were 
both more common in boys; a male:female ratio 
exceeding 2-0:1 is comparable with the male pre- 
ponderance of childhood asthma reported in most 
western countries and attributed in part to the 
greater susceptibility of boys to respiratory 
infections.” *° 

This study has not proved that cough in children 
with atopy but no wheeze is equivalent to cough in 
asthma. The observation of chest deformity in some 
children with cough implied chronic airway obstruc- 
tion but they had.no other clinical evidence of 
bronchoconstriction, and they were too young to 
cooperate with tests of bronchial reactivity. The 
cough could be due to IgE mediated hypersensitivity 
to house dust mite with inflammatory reaction and 
stimulation of cough receptors in the respiratory 
tract but little or no bronchoconstriction and there- 
fore no wheeze or breathlessness. f 

Previous studies have described ‘cough variant 
asthma’ but in older children able to perform lung 
function tests or in younger children who showed a 
subjective response to bronchodilators." Only in 
the present study have the features of simple cough 
been compared with typical asthma or with healthy 
controls. 

There were no features of atopy in about 40% of 
children in the cough group. Persistent cough for 
more than two months excluded most viral infec- 
tions or pertussis but isolation of micro-organisms 
was not part of the protocol. Environmental 
effects—for example, passive smoking and damp 
housing—might be relevant if measured objec- 
tively.2° Other factors that could be considered to 
provoke cough include psychogenic cough”’ (rarely 
found below 6 years of age) or inhalation from 
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gastro-oesophageal reflux at night.! > Oesophageal 
pH measurements were not undertaken but none of 
the children had clinical or radiographic features 
suggestive of inhalation. . 

There was no evidence that children with cough o 
asthma suffered severe deficiencies of immunoglo- 
bulins or of IgG subclasses that have recently been. 
associated with both atopy and recurrent upper 
respiratory tract infections.” °° Slightly low 
concentrations of IgG}, were found in 31% of 
children with cough but many (cough and asthma) 
showed a rise of immunoglobulins indicative of a 
stressed but not inadequate immunological system. 
Below the age of 3 years immunoglobulin values 
were strongly dependent on age and it was not 
possible to establish a normal range from the small 
numbers in the control group. In a much larger 
population of healthy children, Isaacs et al reached a 
similar conclusion and warned against making a 
diagnosis of partial immunoglobulin deficiency from 
a single sample.” Defects in complement function 
and opsonising capacity have been described in 
children and adults with cough or recurrent respira- 
tory infections,!! 31 but in the present investigation 
low values were no more frequent than in healthy 
controls. 

There could be some bias in the comparison of 
immunological data as the controls were from a 
hospital population of children who were, by selec- 
tion, free from intercurrent or recurrent infection, 
unlike a random population sample. 

The immunological protocol did not include 
measurement of salivary IgA, functional antibody 
response to immunisation, cell mediated immunity, 
neutrophil function or interferon production. 
Abnormalities of all these variables have been 
reported in association with frequent infections and 
with atopy.® 10 28 32 

This review has shown many similarities between 
simple cough and asthma, most obviously sensitivity 
to house dust mite. A prospective study of the 
cohort of the 60 children with cough is in progress in 
order to explore precipitating factors and determine 
whether chronic cough is a minor self limiting 
symptom or one which heralds the onset of classical 
asthma. 

This study was supported by grants from Lipha Pharmaceuticals 
Ltd and the North Western Regional Health Authority. We are 
grateful to the surgical and anaesthetic staff of Trafford General 


Hospital, the Royal Manchester Children’s Hospital, and the 
Manchester Eye Hospital for their cooperation. 
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Pseudomonas aeruginosa antibodies in blood spots 
from patients with cystic fibrosis 


V THANASEKARAAN,* M S WISEMAN,” R J RAYNER,{ E J HILLER,t AND D J SHALE* 
*Respiratory Medicine Unit and {Department of Paediatrics, University of Nottingham, City Hospital 


SUMMARY The formation of antibodies to Pseudomonas aeruginosa may be the earliest 
indicator of pulmonary infection in patients with cystic fibrosis. To enable easy sampling in babies 
and young children an enzyme linked immunosorbent assay (ELISA) based on a blood spot 
sample taken on to blotting paper was developed. A sample of approximately 20 ul of blood was 
required. A high correlation and level of absolute agreement was shown between paired finger 
prick and venepuncture blood spots, and between blood spot, serum spot, and serum samples. 
Healthy controls and non-infected patients with cystic fibrosis had low titres of antibody 
compared with patients with intermittent and chronic infection. The latter groups had signifi- 
cantly greater antibody titres than normal controls. This assay permits serial measurement of 
antibodies to P aeruginosa in patients of all ages with cystic fibrosis and may provide a means of 
assessing the value of such measurements in the detection and management of early infection. 


Chronic lung infection with Pseudomonas aerugi- 
nosa is the main cause of morbidity and mortality in 
patients with cystic fibrosis.' There may be a period 
of harmless colonisation of the respiratory tract 
before infection becomes chronic, after which the 
organism is never completely eradicated from the 
lungs. Lung injury caused by chronic infection is 
probably mediated by the formation of immune 
complexes between P aeruginosa derived antigens 
and host immunoglobulins.’ 3 

Chronic P aeruginosa infection may be diagnosed 
by the determination of specific IgG class antibodies 
in serum by counterimmunoelectrophoresis or 
enzyme linked immunosorbent assay (ELISA). A 
specific antibody response may be detected before 
there is regular isolation of the organism from 
sputum.°® This early host response may also 
indicate the presence of lung injury, ? but it is not 
clear how knowledge of an increased antibody titre 
should be used in the management of patients in the 
early stages of P aeruginosa infection. 

The acquisition of P aeruginosa occurs at an early 
age and it is in children that the application of 
antibody measurements may have the greatest 
potential for diagnosis and early treatment to 
protect the lungs. Serial determination of serum 
antibodies in young children is, however, difficult in 
practice and may be unacceptable to patients and 
parents. To overcome this an ELISA for IgG 


antibody to P aeruginosa carried out on blood spot 
specimens from finger prick samples was developed. 


Subjects and methods 


Paired blood spot and serum samples were obtained 
by venepuncture from patients attending adult and 
paediatric cystic fibrosis clinics. Blood spot samples 
were also collected by finger prick. Data from the 
latter collection method are specifically indicated in 
the text. Adult patients with bronchiectasis and P 
aeruginosa infection also had samples taken. These 
studies were approved by the local ethics committee. 
Controls were drawn from healthy hospital workers 
and their families, and from children having blood 
taken for other reasons. 


PROCESSING OF SPECIMENS 

Serum was stored at —70°C until assay. Blood spots 
were collected onto Guthrie cards and stored in 
sealed plastic envelopes at —20°C. To control for the 
effect of the blotting paper and blood cells, spots 
were also made with freshly separated serum and 
dealt with in the same manner as the blood spots. 
The centre of each serum or blood spot was punched 
out using a standard 6 mm diameter paper punch. 
Each disc contained approximately 10 ul of whole 
blood or 8 pl serum (the serum dispersed over a 
larger area on the Guthrie cards) and was handled 
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with forceps. The discs were incubated in 300 ul of 
phosphate buffered saline (pH 7-4) for one hour at 
37°C to elute antibody. The discs were removed and 
the eluate diluted 1:20 with phosphate buffered 
saline before assay. 


ELISA 

A direct antibody capture ELISA was developed 
using soluble antigens prepared from P aeruginosa 
serotypes 01-17.’ The protein concentration of this 
preparation was 22 g/l. Flat bottomed, 96 well, 
cobalt irradiated, microtitre plates (Immulon 2, 
Dynatec) were coated with antigen in phosphate 
buffered saline, pH 7-4 (100 l/well, 1-1 ug protein) 
for one hour. Excess antigen was removed by 
inversion of the plate and two washes with phosphate 
buffered saline. Blocking was performed with 
freshly prepared 0-05% gelatin solution in phosphate 
buffered saline (100 ul/well) for one hour. Plates 
were then washed four times with phosphate 
buffered saline 0-01% Tween 20 (BDH) buffer. The 
first wash was a rapid one and the subsequent three 
entailed a four minute soak before emptying. 
Diluted serum (1:2000 in phosphate buffered saline) 
or eluate (50 pl/well) was added and incubated for 
one hour. Plates were then washed four times as 
before. Biotinylated goat antihuman IgG (y chain 
specific, Sigma Chemical Co) diluted 1:1000 with 
phosphate buffered saline was added (50 ul/well) 
and incubated for 60 minutes. Plates were washed 
four times as before. Avidin peroxidase conjugate 
(ICN Immunobiological Ltd) diluted 1:1000 in 
borate saline buffer pH 8-6 (50 ul/well) was added 
and incubated for one hour. Wells were washed as 
before with a borate saline, 0-01% Tween 20 buffer 
(pH 8-6). The peroxidase substrate mixture was 
freshly prepared (1 mg/ml 5-amino salicylic acid, in 
0-02M phosphate buffer pH 6-8, was pretreated with 
1-5 mg of activated charcoal/100 mi and filtered 
before use, when 1 ml/100 ml of freshly prepared 
1% (v/v). hydrogen peroxide was added). This 
solution (100 yl/well) was allowed to act for 30 
minutes before 50 ul of 3M sodium hydroxide was 
added to stop the reaction. Absorbance was read 
within five minutes of stopping the reaction in an 
automatic microtitre plate recorder (Kontron Ltd) 
at a wavelength of 455-5 nm. Assays were per- 
formed at room temperature with continuous gentle 
mixing. 


STANDARDISATION OF ELISA DATA AND STATISTICAL 
METHODS 

A high titre serum from a patient with chronic 
pseudomonal infection, and a pool of normal low 
titre serum samples, were used as references. Non- 
specific binding was reduced by using a high dilution 


and was controlled for by the inclusion of eight wells 
with no antigen on each plate. An ELISA index was 
derived as follows (OD, optical density): 


Unknown OD-—low control OD 
High control OD—low control OD 


Low control OD is the absorbance of the low titre 
serum in no antigen wells, high control OD is the 
absorbance of the high titre control serum, and 
unknown OD is the absorbance of the specimen 
being assayed.® Intra-assay and interassay variation 
were monitored with two whole blood spot samples 
assayed in eight replicates/assay. 

Normally distributed data were expressed as 
mean and standard deviation or coefficient of 
variation (standard deviation/mean). Significance of 
differences were assessed by a Student’s f test. The 
relationships between sampling methods were 
compared by linear regression and a method of 
agreement.” Non-normally distributed data were 
expressed as medians and ranges. The significance 
of differences between groups were determined with 
the Mann-Whitney U test. 


x 100 





Results 


PERFORMANCE CHARACTERISTICS OF THE ASSAY 
Using two control serum samples, the mean intra- 
assay variation (expressed as coefficient of variation) 
was 7-6% (range 1-6-14-2) and 6-6% (range 
1-8-12-7) in seven consecutive assays. For the same 
seven assays these controls gave a mean (SD) of 83 
(4-1) and 74-1 (4-3) ELISA index units, giving 
interassay variations of 8-7 and 8-5, respectively. 


COMPARISON OF SERUM WITH BLOOD SPOT, SERUM SPOT, 
AND FINGER PRICK SPECIMENS 
Paired serum and blood spot specimens were 
significantly related (n=108, p<0-001 (fig 1). There 
was a significant relationship between serum spot 
specimens and both serum and blood spot specimens, 
p<0-001 and p<0-001, respectively (n=87). The 
agreement between the different specimens was 
assessed by the determination of the mean difference 
(95% confidence interval) for paired specimens. For 
blood spot specimens compared with serum speci- 
mens (n=108) the mean difference was 2-7 (1-6 to 
3-7) ELISA index units, and for the blood spot 
specimens compared with serum spot specimens 
(n=87) the mean difference was 0-05 (—0-9 to 1-8). 
Finger prick sample results were closely related to 
those of paired blood spot and serum samples. 
Determination of agreement showed that the finger- 
prick blood spot specimens tended to give slightly 
lower results than paired blood spot and serum 
samples (n=23), the mean difference being —1-6 
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Fig1 Relationship between paired blood spot samples 
and routine serum samples from venous blood. The plot is 
of 108 paired samples from normal subjects and 
bronchiectatic patients with and without cystic fibrosis. The 
least squares regression line is shown. The results are 
expressed as ELISA index units. 
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Fig2 ELISA index results for normal subjects and 
patients with cystic fibrosis according to the isolation pattern 
for P aeruginosa. Blood spots were made from venous 
blood. Individual results are shown with the median for 
each group. 


1601 


(—4-0 to 0-9) and —1-5 (—3-6 to 0-7) ELISA index 
units, respectively. 


EFFECT OF BLOOD SPOT VOLUME 

This was assessed by making blood spots with 10, 20, 
30, and 50 ul volumes of whole blood from a single 
patient; 10 ul was the minimum volume from which 
a 6 mm disc could be reliably punched. There were 
no significant differences between discs, indicating 
that the blood volume had little effect on antibody 
determination (analysis of variance, F=1-232; 3, 
30 df, p=0-315). 


STORAGE OF BLOOD SPOT SPECIMENS 

Paired blood spots were prepared from 28 patients. 
One sample was assayed freshly and a second blood 
spot specimen was stored at —20°C for 21 to 28 days 
before eluates were prepared. An assessment of 
agreement revealed a mean difference of 1-5 ELISA 
index units with a 95% confidence interval of —1-7 
to 4-7. 


COMPARISON OF PATIENTS WITH CYSTIC FIBROSIS WITH 
AND WITHOUT P AERUGINOSA INFECTION 

There was no significant difference between patients 
with cystic fibrosis in whom P aeruginosa had never 
been isolated from the sputum and healthy controls 
not known to have been infected at any time (fig 2). 
Patients with either intermittent isolation of P 
aeruginosa (less than four isolates in one year) or 
chronic infection four or more isolations in one 
year) had significantly greater ELISA indices than 
controls (p<0-0002). There was overlap, however, 
between the former group and both the control 
group and the group with cystic fibrosis who had 
never been infected. 


Discussion 


The collection of small volumes of blood on blotting 
paper is used in screening babies for phenylketo- 
nuria” and neonatal hypothyroidism. The same 
simple procedure was successful for the measure- 
ment of antibodies of the IgG class in this study and 
gave absolute values close to those obtained with 
serum samples. f 
The blood spot system is dependent on a reliable 
and reproducible assay. Reported ELISAs for 
pseudomonas antibodies did not have the within and 
between assay performances of the highly developed 
method used here. Using the same antigen as in this 
study a similar ELISA gave intraplate, intra-assay, 
and interassay variations of 14%, 19%, and 20%, 
respectively. The assay reported here could be 
completed in one working day, whereas other 
reported assays require one or two overnight 
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incubation periods.* > Blood spot samples could be 
stored at —20°C for up to four weeks without 
deterioration, which suggests that such samples may 
be stored for long periods in such conditions. This is 
supported by the stability of such specimens after 
being stored for up to nine months at —20°C, which 
was as good as for paired serum specimens in 
storage.!* Another possibility yet to be studied is 
that blood spot specimens will keep for short 
periods, in a dry form at ambient temperatures, 
allowing them to be taken at home and posted to the 
laboratory for assay. This would be an advantage in 
epidemiological studies or for serial monitoring. 

In the assay reported here normal subjects had 
low but detectable antibody titres, which probably 
indicates a general low degree of response in normal 
subjects. This group was not statistically different 
from patients with cystic fibrosis who had never 
grown P aeruginosa from their sputum. The patients 
with cystic fibrosis and intermittent growth of P 
aeruginosa were separated from normal controls but 
overlapped with both the non-infected patients with 
cystic fibrosis and those with chronic infection, 
which suggests a range of exposure and host 
response to P aeruginosa. These findings confirm 
earlier reports and indicate the validity of the blood 
spot ELISA system reported here.’ © Y 

It is not clear how to use data about antipseudo- 
monal antibodies in the management of early 
infection. It is thought that intermittent isolation of 
P aeruginosa occurs during a phase of harmless 
colonisation, and that treatment during this period 
may delay or halt progression to chronic infection. 
Vigorous antipseudomonal antibiotic treatment 
does protect the lungs against injury and prolongs 
survival in chronically infected subjects, '® but it is 
unknown if early intervention would have the same 
effect. The harmlessness of early colonisation is an 
assumption that could be tested by combining the 
method reported here with an index of lung 
destruction, such as measurement of urinary 
desmosine concentration. !* Such an approach would 
help to define the role of antibody measurements in 
cystic fibrosis and the value of intervention with 
antibiotics early in P aeruginosa infection. In 
previous studies serial sampling has only been 
carried out in small numbers of patients at infre- 
quent intervals, or simply to illustrate the value of 
an individual ELISA.’ '° 7 

Antibodies of the IgG class to P aeruginosa can 


reliably be determined using finger prick samples of * 


blood collected on to Guthrie cards. This method of 
collection had a high level of agreement with blood 
samples obtained by venepuncture, which allows the 
prospect of repeated sampling in babies and children 
with cystic fibrosis with minimum disturbance to the 


child or parent. Such studies may define the associa- 
tion of antipseudomonal antibodies and the 
acquisition of infection, and the value of their 
determination in the management of early P aerugi- 
nosa infection in children with cystic fibrosis. 


We acknowledge the support of Eli Lilly Ltd, and the Cystic 
Fibrosis Research Trust. VT was supported by a Commonwealth 
Medical Fellowship awarded by the Commonwealth Scholarship 
Commission. We thank Professor N Hgiby of Copenhagen for the 
P aeruginosa serotypes 01-17. 


References 


' Pier GB. Pulmonary disease associated with Pseudomonas 
aeruginosa in cystic fibrosis: current status of the host-bacterium 
interaction. J Infect Dis 1985;151:575-80. i 

Høiby N, Doring G, Schiotz PO. The role of immune complexes 
in the pathogenesis of bacterial infections. Annual Review of 
Microbiology 1986;40:29-53. 

Dasgupta MK, Zuberbuhler P, Abbi A, et al. Combined 
evaluation of circulating immune complexes and antibodies to 
Pseudomonas aeruginosa as an immunologic profile in relation 
to pulmonary function in cystic fibrosis. J Clin Immunol 
1987;7:51-8. 

Høiby N. Antibodies against Pseudomonas aeruginosa in sera 
from normal persons and from patients colonised with mucoid 
or non-mucoid Pseudomonas aeruginosa. Results obtained by 
means of crossed immunoelectrophoresis. Acta Pathologica et 
Microbiologica Scandinavian Section C: Immunology 1977;85: 
142-8. 

Brett MM, Ghoneim ATM, Littlewood JM, Losowsky MS. 
Development of enzyme linked immunosorbent assay (ELISA) 
to detect antibodies to Pseudomonas aeruginosa cell surface 
antigens in sera of patients with cystic fibrosis. J Clin Pathol 
1986;39:1124-9. z 

Pedersen SS, Espersen F, Høiby N. Diagnosis of chronic 
pseudomonas aeruginosa infection in cystic fibrosis by enzyme 
linked immunosorbent assay. J Clin Microbiol 1987;25:1830-6. 
Hgiby N. Pseudomonas aeruginosa infection in cystic fibrosis. 
Diagnostic and prognostic significance on Pseudomonas 
aeruginosa precipitins determined by means of crossed immuno- 
electrophoresis. A survey. Acta Pathologica et Microbiologica 
Scandinavica, section C Immunology 1977;262:(suppl):3-96. 
Shale DJ, Faux JA. The evaluation of a quantitative enzyme- 
linked immunosorbent assay (ELISA) for anti-A fumigatus IgG. 
J Immunol Methods 1985;77:197-205. 

Bland JM, Altman DG. Statistical methods for assessing 
agreement between two methods of clinical measurement. 
Lancet 1986;i:307-10. 

Guthrie R, Susi A. A simple phenylalanine method for detecting 
phenylketonuria in large populations of newborn infants. 
Pediatrics 1963;32:338-43. 

Irie M, Enomoto K, Naruse H. Measurement of thyroid- 
stimulating hormone in dried blood spot. Lancet 1975;ii:1233-4. 
Dussault JH, Parlow A, Letarte J, Guyda H, Laberge C. TSH 
measurements from blood spots on filter paper: a confirmatory 
screening test for neonatal hypothyroidism. J Pediatr 1976;89: 
550-2. 

Larsen PR, Merker A, Parlow AF. Immunoassay of human 
TSH using dried blood samples. Journal of Clinical Endo- 
crinology 1976;42:987-90. 

Guimaraes MCS, Castilho EA, Celeste BJ, Nakahara OS. Netto 
VM. Longterm storage of IgG and IgM on filter papers for use 
in parasitic disease seroepidemiology surveys. Bull Pan Am 
Health Organ 1985;19:16-28. 


N 


w 


a 


w 


o 


K) 


æ% 


o 


n 


T 


17 


Es 


Pseudomonas aeruginosa antibodies in blood spots from patients with cystic fibrosis 1603 


Cost KM, West KS, Brinsen D, Polk HC. Measurement of 
human antibody activity against Escherichia coli and Pseudo- 
monas aeruginosa using formal entreated whole organisms in an 
ELISA technique. J Immunoassay 1985;6:23-43. 

Brett MM, Ghoneim ATM, Littlewood JM. Serum antibodies to 
Pseudomonas aeruginosa in cystic fibrosis. Arch Dis Child 
1986;61:1114-20. 

Brett MM, Ghoneim ATM, Littlewood JM. Serum IgG anti- 
bodies in patients with cystic fibrosis with early Pseudomonas 
aeruginosa infection. Arch Dis Child 1987;62:357-61. 
Pedersen SS, Jensen T, Hgiby N, Koch C, Flensborg EW. 
Management of Pseudomonas aeruginosa lung infection in 


Danish cystic fibrosis patients. Acta Paediatr Scand 1987;76: 
955-61. 

1 Bruce MC, Poncz L, Klinger JD, Stern RC, Tomashefski JF, 
Dearborn DG. Biochemical and pathological evidence for 
proteolytic destruction of lung connective tissue in cystic 
fibrosis. Am Rev Respir Dis 19853;132:529-35. 


Correspondence to Dr DJ Shale, Respiratory Medicine Unit, 
University of Nottingham, City Hospital, Hucknall Road, Notting- 
ham NGS 1PB. 


Accepted 9 June 1989 


Archives of Disease in Childhood, 1989, 64, 1604-1607 


Postpubertal gluten challenge in coeliac disease 


M MAKI,* M-L LAHDEAHO,* O HALLSTROM,+ M VIANDER,$ AND J K VISAKORPI* 


Departments of * Paediatrics and Microbiology, University Hospital of Tampere, Tampere and tDepartment 
of Medical Microbiology, University of Turku, Turku, Finland 


SUMMARY Altogether 38 postpubertal children with coeliac disease were rebiopsied. Mucosal 
abnormality in nine (24%) of them indicated poor adherence to the diet. Gluten challenge with a 
diet containing a normal amount of gluten was performed in those 29 patients with a normal 
mucosa. During challenge, rebiopsy was done when reticulin antibodies turned positive (mean 
0-6 years, range 0-2-2-0) or at the end of the two year study. Histologically a clear relapse into 
coeliac disease was seen in all 23 patients who were positive for reticulin antibodies. At this time 
gliadin antibodies were positive in all but two. Sixteen (70%) of those who relapsed were 
completely asymptomatic. Three girls and one boy did not relapse within two years, indicating 
the possible recovery from coeliac disease to be 11%. All four had undergone gluten challenge 
earlier in childhood, after initial diagnosis and mucosal recovery, and this had resulted in mucosal 
relapse. To establish definite postpubertal recovery from coeliac disease in cases with normal 
mucosa at two years from challenge, further follow up studies of reticulin antibodies and later 
rebiopsy are needed. The reticulin antibody test seems to be suitable for prediction of mucosal 


relapse in coeliac disease. 


The European Society for Paediatric Gastroenterol- 
ogy and Nutrition (ESPGAN) criteria for diagnos- 
ing coeliac disease include, after initial diagnosis, 
prechallenge verification of normal small bowel 
mucosa and postchallenge mucosal relapse.!? In 
Finland the clinical picture of coeliac disease has 
changed to milder forms, resulting in an upward 
shift of age at diagnosis.? In fact, over 60% of the 
diagnoses today are made at school age and during 
adolescence. The current problem is when to apply 
gluten challenge in children with late diagnosis. It 
has also been discussed whether routine gluten 
challenge should be performed at all, as only a few 
patients with coeliac disease will not relapse after 
gluten reintroduction.* On the other hand puberty 
could be a milestone in coeliac disease, after which 
the disease behaves differently. In fact, Schmitz et al 
have shown spontaneous remissions of coeliac 
disease during adolescence. Therefore we felt it 
appropriate to reinvestigate children with coeliac 
disease postpubertally. 

We have now performed postpubertal gluten 
challenge on adolescents and young adults in whom 
the diagnosis of coeliac disease was made both in 
infancy, including gluten challenge, and at a later 
age. The purpose of the study was to establish 
whether there are patients with coeliac disease 


already fulfilling the ESPGAN criteria and probable 
patients who do not relapse postpubertally within 
two years on a diet containing gluten. We also 
hypothesised that only one biopsy would be needed 
during gluten challenge, the appearance of reticulin 
antibodies during the challenge being the indicator 
for rebiopsy. At the same time gliadin antibodies 
were also measured. 


Patients and methods 


STUDY DESIGN 
Altogether 42 adolescents and young adults were 
asked to join the study. They were informed as to 
the study programme, which included initial biopsy 
and gluten challenge by means of a diet containing a 
normal amount of gluten but with at least 10 g of 
gluten per day. Follow up visits were to be made 
first after one month and later every three months 
during the challenge or in the meantime if symptoms 
occurred. Blood samples for IgA and IgG class 
reticulin and gliadin antibodies were to be drawn at 
the follow up visits. The study also included 
rebiopsy at the time of appearance of reticulin anti- 
bodies or symptoms, with a deadline of two years of 
gluten challenge. The patients were told that they 
would most probably have to return to the gluten 
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free diet after the study, but also that coeliac disease 
might disappear during adolescence as suggested by 
Schmitz et al.’ 


"PATIENTS 


A total of four patients refused to join the study and 
continued with a gluten free diet. Thirty eight 
patients underwent initial small bowel biopsy and 
nine (24%) of them were excluded from the study 
because of apparent poor adherence to the diet and 
the finding of mucosal changes compatible with 
coeliac disease (from slight partial villous atrophy to 
flat mucosa). 

A diet containing a normal amount of gluten was 
reintroduced in 29 patients (13 boys and 16 girls). 
All had normal small bowel mucosa on biopsy and 
all were negative for reticulin antibodies. Mean age 
at commencement of the study was 16-6 years (range 
14-3-22-1). ESPGAN criteria with an earlier gluten 
challenge had been fulfilled in 20 patients. The 
median age of these 20 patients at the initial 
diagnosis was 1-0 year (range 0-5-4-0). They had 
been on a gluten free diet before this second 
challenge for a mean of 8-5 years (range 3-0-13-0). 
The median age at the initial diagnosis of the nine 
patients undergoing their first gluten challenge was 
10-0 years (range 1-0-15-3). The mean duration of 
gluten free diet was 7-8 years (range 4-0-16-0). 


METHODS 
Reticulin antibodies were measured by an indirect 
immunofluorescence method with some modifica- 
tions®’ to the preliminary report. Serum titres 
equal to or over 1:50 were considered positive. An 
enzyme linked immunosorbent (ELISA) method 
was used to determine the titre of gliadin antibodies 
in the sera.° 1° 

Routine small bowel biopsy was performed with 
an adult Watson capsule. Higtologically the mucosal 
findings were divided into four groups: normal, 
partial villous atrophy, severe partial villous 
atrophy, and subtotal villous atrophy or flat 
mucosa. 


Results 


Twenty two patients who were negative for IgA 
class reticulin antibodies became positive within 
0-2-2-0 years (mean 0-6). The titres varied from 
1:100 to 1:4000. Fifteen of the 22 adolescents and 
young adults had noticed no changes in their well 
being and seven had experienced slight to moderate 
abdominal symptoms at the time of appearance of 
reticulin antibodies. One patient had selective IgA 
deficiency: she had no IgA reticulin antibodies 
throughout but after 0-9 years of gluten challenge 
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she was found to be positive for IgG class reticulin 
antibodies (1:200). No symptoms had occurred. 

In all 23 patients who were positive for reticulin 
antibodies a clear mucosal relapse was observed on 
biopsy. Seventeen patients (74%) showed small, flat 
intestinal mucosa, two patients showed severe 
partial villous atrophy, and four moderate partial 
villous atrophy. 

One patient developed intolerable abdominal 
symptoms after 0-4 years on gluten challenge. She 
had no reticulin antibodies and the gliadin anti- 
bodies showed a slight positivity but the small bowel 
mucosa was normal. Despite subjective symptoms 
she continued the challenge and a second biopsy was 
performed because of the symptoms after 0-8 years 
on gluten challenge and the biopsy specimen showed 
slight partial villous atrophy. She still had no 
reticulin antibodies. She returned to a gluten free 
diet. 

After two years on a gluten containing diet five 
patients were still negative for reticulin binding anti- 
bodies and had no symptoms. They all had a small 
bowel biopsy. One patient showed a flat mucosa and 
on retesting his serum the IgA class reticulin anti- 
bodies gave a titre of 1:10. Three girls and one boy 
did not relapse, and the mucosa was found to be 
normal. Thus four out of 38 patients (11%) showed 
a possible recovery from coeliac disease. All four 
had already undergone gluten challenge earlier in 
childhood at the ages of 2 to 5 and they had been on 
a gluten free diet before this challenge for a 
minimum of nine years. All nine patients with late 
initial diagnosis undergoing their first challenge 
relapsed. 

IgA class gliadin antibodies were measured ‘in all 
the sera. In 17 patients (59%) the gliadin antibodies 
rose to positive levels concomitant with reticulin 
antibodies, and in two cases eight to 11 months 
earlier. In four patients the gliadin antibody titre 
varied back and forth from a negative result to a 
positive one at the same time as the reticulin anti- 
bodies gave a negative result and in two patients IgA 
class gliadin antibodies remained negative during 
the challenge and at the time of mucosal relapse. In 
the four young adults fulfilling ESPGAN criteria 
with possible postpubertal mucosal recovery IgA 
class gliadin antibodies were throughout at negative 
levels in three and varied in one. : 

IgG class gliadin antibodies were at positive levels 
at the time of biopsy in 18 of the 23 cases with 
mucosal relapse. In four of these IgG class gliadin 
antibodies were positive before reticulin antibodies. 
The titres varied in two during the challenge, and 
four adolescents and young adults with mucosal 
relapse showed no IgG class gliadin antibodies. In 
the four cases with normal mucosa at two years of 
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gluten challenge IgG class gliadin antibodies were 
not at positive levels throughout in two and were 
positive once in one and twice in another, but were 
not found to be positive later. 


Discussion 


To our surprise not all the patients showed perma- 
nence of the mucosal reaction to gluten. Four (11%) 
patients, three girls and one boy, still hed a normal 
mucosa after two years on a normal gluten contain- 
ing diet. They had all undergone a gluten challenge 
az a younger age and their mucosa had relapsed, so 
the ESPGAN criteria had been fulfilled.!? This 
finding can be explained in two ways. First, it is 
possible, as Schmitz et al have shown,’ that coeliac 
disease may disappear during adolescence in some 
patients, so that puberty could be a milestone in 
coeliac disease, changing to its currently familiar 
‘natural history’. Secondly, these patients could 
represent the extremity of normal biology, being 
only so called late relapsers who do not follow the 
‘two-year rule’. In fact, there is increasing evidence 
that the mucosa may deteriorate even after many 
years on a gluten containing diet,!! (I Polanco, 
J Larrauri. Abstract presented at International 
Coeliac Symposium, St Bartholomew’s Hospital, 
London, 46 September, 1988) showing the 
diagnosis of transient gluten intolerance to be 
incorrect at least in these cases. Our four patients 
will be further followed up and it may of course turn 
out that the challenge is life long, meaning that the 
coeliac disease has healed. Without the present 
postpubertal gluten challenge study these patients 
would have continued unnecessarily on their gluten 
free diet. 

Today it can be suggested that factors other than 
gluten ingestion are at least sometimes needed to 
induce mucosal damage in coeliac disease. An 
intriguing candidate trigger is adenovirus, as 
suggested by Kagnoff et al.'? B Such possibilities 
should be studied more extensively. The existence 
of external factors could offer explanations for the 
reported phenomenon of coeliac disease relapse 
over such a large range of time,!! \4 which has been 
confirmed in this study. 

An interesting finding in the present study was the 
paucity of abdominal symptoms during gluten 
challenge. In most cases (70%) the mucosa relapsed 
before any symptoms had occurred. Recently 
Kumar et al also observed that teenagers with 
coeliac disease not following a strict gluten free diet, 
and with mucosal abnormality, were clinically 
asymptomatic. '* It can be assumed that many of the 
young adults in the present study would probably 
not have developed any abdominal symptoms 


irrespective of small, flat intestinal mucosa. Like- 
wise in many’ studies dealing with adult coeliac 
disease it has been noticed that patients may have 
only mild or no abdominal symptoms, and they may 
not have signs of malabsorption.'® !” This we also 
observed in a recent family study where 9% of first 
degree relatives of coeliac patients were found to 
have coeliac disease. We encouraged the 
adolescents and young adults with mucosal atrophy 
to observe a lifelong gluten free diet even if they did 
not experience any symptoms at the present 
moment. Without a diet disease entities with 
symptoms and signs not commonly connected with 
coeliac disease,” or even serious complications such 
as malignancies,” may later occur. Jejunal mucosa 
with villous atrophy may accumulate oxidated 
metabolites of xenobiotics, leading to an increased 
risk of cancer.?! 

Our hypothesis concerning reticulin antibodies 
proved correct. In all but one patient we needed 
only one biopsy during the challenge. IgA class 
reticulin antibodies were the indicator and were 
found to be positive within one to 24 months on a 
gluten containing diet. Histologically a clear relapse 
into coeliac disease was seen even if all patients did 
not show flat mucosa. One patient with no symp- 
toms had a negative reticulin antibody titre (<1:50) 
and showed flat mucosa at the end of the study. His 
serum was retested and the titre was found to be 
1:10. We now start testing at 1:5 and this has not 
increased non-specific reactions.’ In our family 
study we found positive IgA class reticulin antibody 
titres in 3% of the relatives with normal mucosa. 1° 
The hypothesis also worked in the patient with 
selective IgA deficiency; she developed IgG class 
reticulin antibodies. Thus the reticulin antibody test 
seems to be suitable for prediction of mucosal 
relapse in coeliac disease. In other studies it has 
been reported that several biopsies were often 
needed to establish the diagnosis.!* 72 

In the present study gliadin antibodies and 
reticulin antibodies behaved differently. In six of the 
patients IgA class gliadin antibody titres were 
positive before the reticulin antibody test showed 
positivity and in four of these the gliadin antibody 
titres decreased every now and then to negative 
levels. This may reflect the amount of gluten 
ingested. In our experience the gliadin antibodies 
often appear earlier than tissue autoantibodies such 
as reticulin antibodies. Bearing in mind our working 
hypothesis we did not biopsy the patients at the time 
of first appearance of positive levels of gliadin anti- 
bodies and therefore on the basis of this study it 
cannot be said to what extent gliadin antibodies 
reflect small bowel mucosal damage in coeliac 
disease. When reticulin antibodies were present 
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later and the mucosa showed villous atrophy, 
however, gliadin antibodies were alsc at positive 
levels in most cases. 

Should routine gluten challenge be applied in 
_ coeliac disease? According to Schmerling and 
Franckx it would not seem justifiable, as only a few 
patients with coeliac disease will not relapse after an 
interruption of gluten free diet.* If we take the 
development of permanent tooth enamel hypoplasia 
into consideration, gluten challenge should not be 
made before the age of 3 years. Gluten reintroduc- 
tion of short duration is recommendable. The 
appropriate age for gluten challenge is over 7 years, 
when all me crowns of permanent teeth have 
developed.” In our gastroenterology unit we use 
gluten challenge at the age of 6 to 7 in children with 
a very early onset-of coeliac disease or if there has 
been any doubt as to the accuracy of the primary 
diagnosis. Otherwise we have felt safe with our 
diagnoses based on mucosal histology and the 
disappearance of symptoms together with reticulin 
and gliadin antibodies during dietary treatment. It 
should be stressed that over 60% of our primary 
diagnoses are today made at school age and only 

10% before the age of 2 years. On the other hand, 
when the results of the present study are considered 
together with the findings of Schmitz et af routine 
postpubertal gluten challenge should be taken into 
consideration. More prospective studies are needed 
to ascertain the nature of coeliac disease. 


This study was supported by the Emil Aaltonen Foundation, 
Finland. 
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SUMMARY Zinc absorption was measured in 37 children with malnutrition using the oral zinc 
tolerance test (22-5 mg elementary zinc) and the results compared with those of a group of 
healthy control subjects. The increase in plasma zinc was significantly lower in patients with 
marasmic kwashiorkor than in the control group. The zinc tolerance test was, however, normal in 


marasmic patients. 


We conclude that zinc deficiency occurs in some types of protein energy malnutrition, and that 
malabsorption may aggravate zinc deficiency. It is reasonable to give higher doses of zinc than are 
usually recommended during oral zinc supplementation in patients with protein energy 


malnutrition. 


Protein energy malnutrition is still an important 
problem in many parts of the world. Certain clinical 
features are common to patients with protein energy 
malnutrition and those with zinc deficiency, includ- 
ing diarrhoea, anorexia, growth retardation, muscu- 
lar atrophy, and a tendency to infections. This 
similarity has led many workers to study zinc 
absorption in patients with protein calorie malnutri- 
ticn. Some found that plasma zinc concentrations 
were low,’ and others found decreased serum zinc 
concentrations in malnutrition, together with skin 
lesions.” 

Protein energy malnutrition is associated with 
various degrees of intestinal changes, which include 
gastrointestinal mucosal atrophy and structural 
alterations in the jejunal villi.~® Apart from inade- 
quate dietary intake, digestive and absorptive defects 
may be important in the aetiology of protein energy 
malnutrition. It is, however, difficult to say whether 
these defects are causes or effects of the malnutrition. 

The aim of this study was to determine whether 
there is a decrease in intestinal absorption of zinc in 
protein energy malnutrition in addition to pre- 
existing zinc deficiency and malabsorption. 


Subjects and methods 
Thirty seven children (19 boys and 18 girls) aged 


between 5 months and 5 years with protein energy 
malnutrition were compared with 10 healthy chil- 


dren (eight boys and two girls) aged between 6 
months and 5 years. The patients were classified 
according to the McLaren system.? 

Routine laboratory tests were performed using 
standard methods. Serum alkaline phosphatase acti- 
vities were measured (Sigma Diagnostics), and 
plasma and erythrocyte zinc concentrations were 
assessed by an atomic absorption spectrophotometer 
(Perkin Elmer Model 403). Blood samples (4-5 ml) 
were collected using zinc free materials and anti- 
coagulated with zinc free oxalate solution. Plasma 
was separated by centrifugation and the plasma zinc 
concentration determined using 3:1 dilution of 
plasma. Erythrocyte zinc concentrations were deter- 
mined by the method of Rosney and Gorfren."! 

For the oral plasma zinc tolerance test blood. 
was taken from subjects to determine fasting plasma 
zine after an eight hour overnight fast. A dose of 
100 mg hydrated zinc sulphate (22-5 mg elementary 
zinc) was then given. The subjects were allowed 
only water during the test. After the oral test dose 
of zinc, blood was drawn at one, two and four hours 
for measurement of plasma zinc concentrations. 
Using the data obtained, the increases in plasma 
zinc concentrations above fasting values were 
plotted.’ The control group was tested in the same 
way. 

Mean (SD) values were calculated for all 
measurements. Student’s ¢ test was used to assess 
the significance of differences between the groups. 
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Results 


Thirty seven malnourished children aged 5 months 
to 5 years and 10 healthy control subjects aged 6 
months to 5 years were studied. Thirteen children 
had marasmus, 18 marasmic kwashiorkor, and six 
kwashiorkor. 

Diarrhoea was present in 22 (60%), oedema in 


Table 1 Clinical and laboratory findings in 37 patients 
with protein energy malnutrition and 10 control subjects. 
Values are expressed as mean (SD) 
a ee 
Patients Control p 
subjects Value 





Height (cm) 68-8 (13-4) 78-0 (9-9) 0-001 
Weight (kg) 6-7 (3-2) 10-0 (3-2) 0-01 
Mid arm circumference (cm) 10-4 (2-2) 15-4 (1-2) 0-05 
Haemoglobin concentration (g/l!) 97 (20) 117 (10) 0-01 
Alkaline phosphatase activity 


(UA) 60-7 (38-8) 101-7 (39-0) 0-01 
NS 


Total protein concentration (g/l) 55 (10) 69 (5) 
Albumin concentration (g/l) 35 (9) 43 (5) 0-01 
Globulin concentration (g/l) 20 (4) 25 (7) 0-01 


ee 


five (14%), anal, gluteal, and oral dermatitis in 19 
(52%), and hair loss in 26 (70%). 

Height (p<0-05), weight (p<0-01), mid arm 
circumference (p<0-001), haemoglobin concentra- 
tion (p<0-01), total protein and albumin (p<0-01), 
and globulin (p<0-05) concentrations, and alkaline 
phosphatase activity (p<0-01) were signficantly 
decreased in the malnourished group compared with 
the control group (tables 1 and 2). The decreases in 
serum albumin concentrations wete especially 
prominent in the patients with marasmic kwashiorkor 
and kwashiorkor (p<0-05 and p<0-01, respectively). 

Plasma zinc and erythrocyte zinc concentrations 
and the results of the oral plasma zinc tolerance tests 
are shown in table 3. Plasma zinc and erythrocyte 
zinc concentrations were significantly lower in every 
subgroup compared with the control group (p<0-01). 

When patients with marasmic kwashiorkor and 
kwashiorkor were examined together after the zinc 
test dose had been given, the increase in plasma zinc 
was significantly less in the second hour compared 
with the control group (p<0-05). On the other hand, 
the increase in plasma zinc was normal in the 
subgroup of marasmic patients (figure). 


Table 2 Protein concentrations (g/l) in 37 patients with protein energy malnutrition. Values are expressed as mean (SD) 





Marasmus Marasmic p* Kwashiorkor p* 
, (n=13) kwashiorkor Value (n=6) Value 
‘(n=18) 
Total protein 61 (9) 54 (8) 0-01 43 (10) 0-001 
Albumin 39 (8) 35 (8) 0-05 26 (8) 0-001 
Globulin 22 (4) 20 (4) 0-001 17 (4) 0-05 


*Compared with normal subjects. 


Table 3 Zinc concentrations in 37 patients with protein energy malnutrition and 10 control subjects 


a ee ee ne 








Patients Control 
subjects 
Marasmus Marasmic Kwashiorkor Total (n=10) 
(n=13) kwashiorkor (n=6) (n=37) 
(n=18) 
Mean (SD) fasting plasma zinc (umol/) 13-9 (4-6)* 15-6 (3-7) 13-0 (2-9)* 14-6 (3-8)** 18-4 (3-9) 
Median (range) ` 13-8 (6-9-19-9) 15-1 (6-9-22-2) 12.3 (10-2-16-7) 14-4 (6-9-22-2) 19-9 (12-1-24-5) 
Mean (SD) erythrocyte zinc (mg/l) 11-9 (4-3)* 8-0 (2-7)*** 8-8 (0-8)** 9-6 (3-7)*** 17-1 (6-0) 
Median (range) 11-4 (5-4-18-9) 8-2 (4-1-12-9) 9-4 (8-2-18-1) 9-1 (4-1-21-7) 18-5 (10-4-23-9) 
Mean (SD) increase in plasma zinc (umoV/l): 
At one hour 11-4 (5-8) 4:8 (4-6)** 5-8 (5:3) 7-7 (5-7)* 12-1 (7:6) 
At two hours 18-2 (11-0) 10-4 (6-8)* 8-0 (7-6)* 12-1 (9-2) 17-5 (6-5) 
At four hours 6-3 (5-6) 3-4 (4-2) 2-5 (3-6) 4-3 (5-6) 2:2 (4-5) 


*p<0-05; **p<0-01, and ***p<0-001 compared with control subjects. 
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=— Controls (n= 10) 
-—-— Marasmus {n = 13} 


—-— Marasmic kwashiorkor {n = 18) 
— Kwashiorkor {n = 6) 


Change in plasma zinc concentration (pmol/l) 





Hours 


Figure Mean (SD) plasma zinc concentrations after oral 
plasma zinc tolerance test in patients with protein energy 
malnutrition. 


Discussion 


In this study alkaline phosphatase activity and 
plasma and erythrocyte zinc concentrations in 
patients with protein energy malnutrition were 
significantly lower than those of the control group. 

There are several reports concerning zinc absorp- 
tion in malnutrition. In some, zinc concentrations in 
plasma or serum were decreased! '° while in others 
they were reported to be normal.’ + Plasma zinc 
concentrations are not, however, good indicators of 
zinc state in man, because not only is plasma zinc 
turnover rapid, but many factors influence it.!* In 
order to study zinc state, therefore, we had to 

etermine plasma zinc and erythrocyte zinc con- 
centrations as well as alkaline phosphatase (an 
important zinc metalloenzyme) activity in our 
subjects, 17 

Zinc is required for normal growth and develop- 
ment, and deficiency can result from inadequate 
dietary intake, impaired absorption, excessive ex- 
cretion, or inherited defects in zinc metabolsim. 
Requirements depend on the weight, age, and 
growth rate of children, and the bioavailability of 
zinc from different sources. Indeed, nutritional 
insufficiency was one of the main reasons for zinc 
deficiency in our group of patients. 


The mitosis rate in the cells of the gastrointestinal, 
immune and haematopoietic systems is high. The 
effects of zinc deficiency as a result of the important 
action of zinc on protein synthesis, therefore, are 
observed mostly in these systems, so it is reasonable 
to claim that the chronic zinc deficiency in protein 
energy malnutrition might lead to pathological 
changes in the intestinal mucosa. 

` Many alterations in the gastrointestinal tracts of 
malnourished children have been reported. A 
genetic zinc deficiency disease, acrodermatitis en- 
teropathica, causes severe intestinal mucosal atro- 
phy, and zinc supplementation is effective in return- 
ing the mucosal to normal. 

To measure intestinal zinc absorption the oral 
plasma zinc tolerance test was conducted in patient 
and control groups. The oral plasma zinc tolerance 
test, which measures the increase in plasma zinc 
concentrations, has been widely used as an assess- 
ment of intestinal zinc absorption. !? 7° 

Under standard conditions the test gives valuable 
information about the absorption of zinc by the 
small intestine. Valberg et al compared radioactive 
zinc absorption with the oral plasma zinc tolerance 
test and found that the tests gave comparable 
results.”! In both our subgroups of patients 
(marasmic kwashiorkor and kwashiorkor) the 
plasma zinc curve (figure) was significantly depressed 


-compared with that of the control group. 


In patients with marasmus, the plasma zinc 
tolerance test was normal, confirming the results of 
Brunser et al, who studied jejunal biopsy specimens 
of patients with marasmus and found normal 
mucosa. 

We conclude that zinc deficiency in patients with 
protein energy mainutrition can induce intestinal 
mucosal changes that may aggravate the zinc de- 
ficiency, thus creating a vicious circle. It is therefore 
reasonable to. give higher doses of zinc than are 
usually recommended when giving oral zinc supple- 
mentation to patients with protein energy malnutri- 
tion. 
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Aneurysms of the vein of Galen 


D O’DONNABHAIN AND D F DUFF 
Our Lady’s Hospital for Sick Children, Dublin 


SUMMARY Six neonates with aneurysms of the vein of Galen are described: five were associated 
with an intracerebral arteriovenous fistula and presented with heart failure in the neonatal 
period; one had hydrocephalus at birth. Two infants died from intractable cardiac failure within 
48 hours of age and two from progressive hydrocephalus and cardiac failure at 8 months and 8 
years respectively. Two of the infants had copper coil embolisation of the aneurysm—one has 
since died of an intracerebral haemorrhage. The diagnosis of an intracerebral arteriovenous 
fistula should be considered in any infant presenting with unexplained heart failure. Close 
attention to the volume of all arterial pulses, and the venous pulse in the neck as well as 
auscultation of the head for a cranial bruit may suggest the diagnosis, which can then be 


substantiated by cerebral ultrasound. 


Aneurysms of the vein of Galen are rare congenital 
abnormalities that have been diagnosed more often 
at necropsy than in life.!? There is often an 
associated arteriovenous malformation draining into 
the aneurysm. The clinical presentation depends on 
(a) the size of the aneurysm, which if large may 
compress the aqueduct of Sylvius and the posterior 
end of the third ventricle, causing hydrocephalus 
and (b) the magnitude of blood flow through any 
associated arteriovenous fistula. In most instances 
there is a large arteriovenous shunt which causes 
cardiac failure. 

The results of surgical and non-surgical manage- 
ment of this latter group is extremely difficult and is 
associated with a high mortality. Recently, however, 
some success has been reported with copper coil 
embolisation of the aneurysms.’ Early diagnosis is 


Table 1 Clinical presentation and course 


therefore necessary so that such treatment can be 
electively planned. 

In this report we describe six cases of vein of 
Galen aneurysms seen in the last 15 years, four 
between June 1986 and April 1988, showing the 
various modes of presentation. The clinical signs 
and investigations used to establish the diagnosis are 
also described. 


Case reports 
Table 1 summarises the clinical presentation and 
course of the infants and table 2 shows the investiga- 


tions performed. 


CASE 1 (INDEX CASE) 
A boy, born at full term and weighing 3200 g, was 











Case I Case 2 Case 3 Case 4 Case 5 Case 6 
Congestive cardiac failure + + — + + + 
Pulse volume Peripheral lJ Peripheral variable t Normal t No record 
Carotid îf Carotid f 
Cranial bruit + + = + + + 
Seizures + = = = + + 
Cerebral haemorrhage = = 5 +* = - 
Hydrocephalus = 7 + - + + 
Outcome Died at Died at Alive Died at Died at Died at 
2 days 1 day 3 months 8 months 8 years 





+/— Present/absent; Î increased, | decreased. 
*Occurred six weeks after embolisation procedure. 
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Table 2 Investigations 
Case | Case 2 Case 3 Case 4 Case 5 Case 6 
Electrocardiography Normal a No record Right axis deviation, Normal Normal 
right ventricular 
hypertrophy 
Heart size by Increased Increased Normal Increased Increased Increased 


chest radiography 


Two dimensional Increased right Increased right 


. * 


Atrial septal 


echocardiography heart, increased heart, patent defect 
carotids, patent foramen ovale, 
foramen ovale, heart, patent 
patent ductus ductus arteriosus 
arteriosus 
Cerebral ultrasound Aneurysm Aneurysm Aneurysm, Aneurysm i 
increased 
ventricles 
Cardiac z . j Arteriovenous jä 
catheterisation malformation 
Cerebral Arteriovenous Arteriovenous Arteriovenous Arteriovenous 
angiography malformation. malformation, malformation, malformation. 
aneurysm aneurysm aneurysm ancurysm 
Computed s ü Arteriovenous Aneurysm . 
tomgraphy malformation, 


aneurysm 





“Not performed. 


delivered vaginally to a 27 year old primigravida 
after an uneventful pregnancy. His Apgar scores 
were 2 at 1 minute, 6 at 5 minutes, and 9 at 10 
minutes. He required intubation and intermittent 
positive pressure ventilation for five minutes. By 30 
minutes he was acyanotic, and had no signs of 
cardiac failure, but was acidotic. His head circum- 
ference was on the 50th centile. A chest radiograph 
showed cardiomegaly while an electrocardiogram 
was within normal limits (table 2). 

By 18 hours of age he had developed signs of 
congestive cardiac failure with very low volume 
peripheral pulses. A diagnosis of hypoplastic left 
heart was suspected and he was transferred to the 
cardiac unit at Our Lady’s Hospital. 

On examination he was an ill, lethargic, distressed 
baby who was grey in colour. All pulses, except the 
carotids, were of reduced volume. He had prom- 
inent venous and arterial neck pulsations. The heart 
sounds were palpable. On auscultation there was 
evidence of pulmonary hypertension and a gallop 
rhythm. A systolic ejection murmur was heard 
widely over the precordium, maximal at the lower 
left sternal border. There was a prominent con- 
tinuous bruit over the neck vessels, and softer over 
the cranium (table 1). The clinical impression was of 
cardiac failure secondary to a cerebral arteriovenous 
malformation. 

Echocardiography (table 2) showed a dilated 
innominate vein and superior vena cava, an en- 
larged right atrium and right ventricle, and large 





Fig 1 Case 1. Two dimensional echocardiograph showing 
aortic arch (AQ) with dilated tortuous carotid arteries (C) 
and engorged innominate vein (INV). 


tortuous carotid arteries (fig 1). There was also a 
patent foramen ovale and ductus arteriosus. Cere- 
bral ultrasound showed a large central echo free 
cystic lesion which displaced the lateral ventricles 
(fig 2). 
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Fig2 Case 1. Cerebral ultrasound—short axis. Large 
central cystic lesion (AN) displaces lateral ventricles (V). 


Neurological and neurosurgical opinions were 
obtained. Surgery was not considered feasible in 
view of the baby’s critical condition. Over the next 
24 hours the baby’s condition deteriorated. He had 
an episode of left sided twitching. He became 
progressively more tachypnoeic, cyanosed, and 
oedematous, and died at 2 days of age. 

Necropsy of the brain showed that there was a 
large arteriovenous malformation draining into an 
aneurysm of the vein of Galen. The feeding arterial 
vessels arose from the basilar system, and the 
lateral, straight, and sigmoid sinuses were engorged. 


CASE 2 

A boy, born at full term and weighing 4300 g, was 
delivered vaginally to a 21 year old primigravida. 
There was shoulder dystocia and the Apgar scores 
were 4 at 1 minute and 9 at 5 minutes. Bounding 
pulses were noted at birth and oxygen was adminis- 
tered by mask because of ‘poor’ colour. There was 
facial suffusion with petechiae and central cyanosis. 
The infant was transferred to Our Lady’s Hospital at 
9 hours of age with suspected cyanotic congenital 
heart disease. On examination the infant was 
acutely ill, and lethargic with mild central cyanosis, 
tachypnoea, and mild dyspnoea. The head circum- 
ference was on the 90th centile but was appropriate 
for this infant’s size. The pulse volume was normal 
with a slightly brisk quality but not bounding. The 
carotid pulse was easily felt but also not bounding. 
The venous pulsation in the neck was very prom- 


nent. There was a significant increase in right 
ventricular activity and on auscultation an ejection 
click and loud pulmonary closure sound indicating 
severe pulmonary hypertension. An ejection systolic 
murmur, grade III/VI in intensity, was heard widely 
over the precordium and a continuous murmur was 
easily appreciated over the carotid arteries and 
cranium. The liver was engorged and palpable 3-0 
cm below the right costal margin. On the chest 
radiography there was appreciable cardiomegaly 
with congested lungs. 

A diagnosis of a cerebral arteriovenous malfor- 
mation was suspected and confirmed on cerebral 
ultrasound, which showed a large vein of Galen 
aneurysm. The echocardiogram showed a large right 
atrium and ventricle, mild dilatation of the innomin- 
ate vein and superior vena cava. The carotid arteries 
were not tortuous and enlarged as in case |. There 
was an associated patent ductus arteriosus and atrial 
septal defect. Supportive care only was given as 
neither surgery nor coil embolisation was considered 
feasible. The infant died at 24 hours of age. 


CASE 3 
A boy, born at full term and weighing 3800 g, was 
delivered vaginally after an uneventful pregnancy to 
a 38 year old mother of four. His Apgar scores were 
9 at 1 minute and 10 at 5 minutes. Routine 
examination showed his head circumference to be 
39 cm; this was greater than the 90th centile for his 
gestational age. 

Cerebral ultrasound showed a central echo free 
cystic lesion compressing the aqueduct of Sylvius 
(fig 3). He was seen by the paediatric neurologist 





Fig3 Case 3. Cerebral ultrasound—long axis. Large echo 
free lesion (AN) and dilated lateral ventricles (LV) above. 





Fig4 Case 3. Computed tomogram with contrast, axial 
view. Arteriovenous malformation draining into the 
aneurysm (AN) of the vein of Galen, which drains into the 
straight sinus. The dilated lateral ventricles (LV) are also 
seen. 


and referred for contrast computed tomography, 
which confirmed hydrocephalus with dilatation of 
the lateral and third ventricles and an aneurysm of 
the vein of Galen, obstructing the aqueduct of 
Sylvius (fig 4). Cerebral angiography confirmed the 
presence of an associated small arteriovenous mal- 
formation draining into the vein of Galen. Initial 
neurological examination was otherwise normal. 

Cardiological examination at 3 weeks of age 
showed signs of a hyperdynamic circulation without 
cardiac failure. A cranial bruit was not heard. 

The baby developed progressive hydrocephalus 
necessitating the insertion of a ventriculoperitoneal 
shunt at 5 weeks of age. This was followed by the 
first part of a staged embolisation procedure at 6 
weeks of age in which copper coils were introduced 
into the aneurysm under imaging intensification 
control. 

He is clinically well at 2 years of age, apart from 
mild developmental delay. 


CASE 4 

A boy, born at full term and weighing 3270 g, was 
delivered vaginally to a 25 year old primigravida. 
His Apgar scores were 4 at 1 minute and 10 at 
5 minutes. 
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The baby was transferred to the neonatal inten- 
sive care unit as he was tachypnoeic. He was found 
to be acyanotic with a head circumference greater. 
than the 50th centile. 

He became more tachypnoeic and was transferred 
to Our Lady's Hospital at 2 days of age. On 
examination he was tachnpnoeic with intercostal 
recession. On auscultation there was evidence of 
pulmonary hypertension and a systolic murmur was 
audible over the pulmonary area. A chest radio- 
graph showed cardiomegaly and increased pulmon- 
ary vascularity. On an electrocardiogram right axis 
deviation, right atrial enlargement, and right ven- 
tricular hypertrophy were shown. Echocardiography 
showed an atrial septal defect of the secundum type. 

He was treated with digoxin and diuretics. His 
tachypnoea settled initially. Over the next three 
weeks he continued to have episodes of tachypnoea 
and cyanosis. A cardiac catheterisation was per- 
formed at 4 weeks of age. An intracranial arterio- 
venous malformation with an aneurysm of the vein 
of Galen was visualised after a left ventricular 
angiogram (table 2). 

He was seen by the paediatric neurologist. The 
baby’s head circumference had grown along the 50th 
centile and a cranial bruit was heard. A central 
cystic lesion was seen on cerebral ultrasound. 

The baby was transferred to the neurosurgical 
unit at another hospital where an arteriovenous 
malformation draining into the vein of Galen was 
confirmed on cerebral angiography. He had the first 
part of a staged embolisation procedure similar to 
case 3 at 6 weeks of age. At 3 months of age the 
baby developed seizures and died from massive 
intracranial haemorrhage. 


CASE 5 

A girl, aged 5 weeks, born in 1976 in New Zealand 
to Irish parents was admitted with failure to thrive 
and convulsions. She had been feeding poorly and 
was drowsy for several days before admission. The 
doctor who referred her to hospital witnessed 
episodes of fitting, staring, and stiffening, which had 
not been noticed by her parents. 

On admission she was having frequent seizures. 
Her head circumference was on the 50th centile. She 
was acyanotic, her pulses were described as jerky, 
and her liver was enlarged. The precordium was 
hyperactive. On auscultation there was a systolic 
murmur along the left sternal border, and a loud 
cranial bruit was heard. An electrocardiogram was 
normal for her age. A chest radiograph showed 
cardiomegaly. She was treated with digoxin, diure- 
tics, and anticonvulsants. When stable, cerebral 
angiography was performed at 6 weeks of age: this 
showed a large central arteriovenous malformation 
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draining into an aneurysm of the vein of Galen. In 
consultatation with a neurologist and a neuro- 
surgeon her lesion was considered inoperable so she 
was managed conservatively. 

Her family moved home to Ireland soon after the 
diagnosis was made and she was admitted to Our 
Lady’s Hospital. She had evidence of severe de- 
velopmental delay, developed progressive hydro- 
cephalus, and died at 8 months of age. 


CASE 6 
A 3 day old boy, born in 1973, was transferred from 
a maternity hospital with signs of cardiac failure. He 
was tachypnoeic, with intercostal recession and an 
enlarged liver. His head circumference was greater 
than the 50th centile. There was a systolic murmur 
along the left sternal edge. A chest radiograph 
showed cardiomegaly and evidence of pneumonia. 
An electrocardiogram was within normal limits for 
age. He was treated with digoxin, diuretics, and 
antibiotics to which he had a good response. He was 
thought to have a ventricular septal defect. When 
reviewed at 11 weeks of age he was well. His weight 
and head circumference were just above the 90th 
centile. 

When seen at 8 months his head circumference 
was considerably greater than the 90th centile. His 
scalp veins were dilated and he had slight proptosis 
of his right eye. A cranial bruit was heard. He was 
referred to the neurosurgical unit at another hospital 
where he had carotid angiography: this showed an 
arteriovenous malformation in the region of the 
right lateral ventricle draining into an aneurysm of 
the vein of Galen. The aneurysm was obstructing 
the aqueduct of Sylvius. 

At 13 months posterior fossa exploration was 
attempted with a view to ligating some of the 
feeding vessels, but haemorrhage was so severe that 
the operation was abandoned. Despite the apparently 
hopeless outlook after the failed surgery he survived 
until 8 years of age. In the intervening years he 
developed a progressive hemiplegia but had only mild 
developmental delay. He developed spastic quadri- 
plegia in the last months of his life and died of 
pneumonia. 


Discussion 


The vein of Galen, or great cerebral vein, is formed 
by the union of the two internal cerebral veins. It 
drains into the straight sinus. Arteriovenous mal- 
formations are congenital vascular anomalies that 
vary greatly in size. They consist of a convoluted 
mass of blood vessels fed by large arteries and 
drained by increasingly large veins. Aneurysmal 
dilatation of the vein of Galen occurs when one or 


more abnormal arteries connect directly into it. As a 
result of this arteriovenous connection a shunt is 
established. This lesion is quite different from 
arteriovenous malformations elsewhere in the brain, 
where aneurysmal dilatation of the draining veins 
does not occur. 

Arteriovenous malformations may present with 
symptoms at any age from infancy to the sixth or 
seventh decade but most commonly cause problems 
in the age group of 25 to 35 years. The initial 
manifestations are usually haemorrhage in about 
50% of cases, seizures in 25 to 30%, focal neurologic 
deficit in 3 to 5%, and recurrent headaches in about 
5%.* When the presentation occurs in infancy, 
however, and especially in the newborn, the arter- 
iovenous malformation is usually associated with an 
aneurysm of the vein of Galen and because there is 
usually a large blood flow through the consequent 
arteriovenous fistula, heart failure dominates the 
clinical presentation.’ >* This presentation was evi- 
dent in five of the six children who were admitted to 
this hospital. If the infant survives and if the 
magnitude of blood flow through the fistulous 
communication is not large, the aneurysm of the 
vein of Galen may obstruct the aqueduct of Sylvius 
leading to hydrocephalus. Case 3 was unusual in that 
hydrocephalus was evident at birth. Older children 
may present with headaches, focal seizures, or 
subarachnoid haemorrhage. Intraventricular hae- 
morrhage is a rare complication.” Intracranial 
haemorrhage occurred in only one of our cases and 
that event happened six weeks after embolisation 
treatment. 

The clinical diagnosis of a cerebral arteriovenous 
fistula as a cause of congestive cardiac failure in the 
newborn may be difficult but is possible if close 
attention is paid to certain crucial clinical signs. 
Bilateral prominent venous and arterial pulsations 
in the neck were clearly evident in our recent cases 
and may have been present in the earlier cases 
though not noted. These clinical signs may be 
overlooked in the neonate because of the short neck 
and the laxity of the tissues in this area, unless the 
infant is propped up and the head extended. The 
importance of palpating the carotid pulse is high- 
lighted by the often fluctuating volume of the 
peripheral pulses. While the peripheral pulse is 
usually described as bounding in quality there may 
be considerable variation between cases as well as in 
the individual case at different times (for example, 
case 2). In case 1 the volume of the peripheral pulse 
was so poor that the hypoplastic left heart syndrome 
was suspected until the bounding carotid pulse was 
appreciated. This cardiocerebral steal was also 
evident in case 2, though to a lesser degree. The 
cranial bruit is the other important clinical sign and 


was noted in five of the six infants described. 
According to Hughes a benign systolic cranial bruit 
may be found in 15% of normal infants and children 
under the age of 5 years.!° The cranial bruit in the 
presence of an arteriovenous malformation, how- 
` ever, is continuous and while usually soft is audible 
dominantly over the parietal areas of the skull and 
may be heard over most of the posterior cranial 
vault. The continuous bruit may also be noted over 
the neck vessels. 

When the diagnosis is suspected clinically two 
dimensional ultrasound, with or without contrast of 
the heart and brain, provides a rapid and efficient 
method for the detection of an aneurysm of the vein 
of Galen.? Echocardiography may help to exclude a 
structural cardiac defect and indirectly suggest the 
possibility of the diagnosis of a cerebral arteriove- 
nous malformation by the observation of a dilated 
innominate vein, superior vena cava, and enlarged 
tortuous carotid arteries, which have increased 
pulsation. Cranial ultrasound clearly shows the 
aneurysm of the vein of Galen as an echo free space, 
which, if compressing the aqueduct of Sylvius will be 
associated with dilatation of the lateral ventricles as 
shown in case 3. Selective arteriograms or com- 
puterised tomography may be reserved for detailed 
anatomical studies of the arteriovenous malforma- 
tion before surgery. 

Surgery for this condition is difficuit and rarely 
successful, though there have been some encourag- 
ing results recently.2 > é The two main approaches 
are obliteration of the feeding vessels and the use of 
emboli. Mickle and Quisling described the pro- 
cedure in which vein of Galen aneurysms are 
embolised with copper coils.? Two -of their three 
patients had a satisfactory outcome, and one of our 
patients is clinically well, though with mild develop- 
mental delay two years after the procedure. 

While the newborn infant continues to pose major 
management problems, early diagnosis of the mal- 
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formation is essential if a planned surgical or 
embolic approach, or both, is to be undertaken 
before the infant is in a critical state. Close attention 
to clinical signs and the use of echocardiography and 
cerebral ultrasound should facilitate an early and 
definitive diagnosis of this rare though important 
anomaly. 


The authors thank Drs J McMenamin, W Gorman, B Denham, and 
E Tempany and Professor O’Donohoe for permission to include 
their patients. We also thank Dr J Kelleher of the radiology 
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radiology department and Mr S O’Briain of the neurosurgery 
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Anorectal malformations with sacral bony 


abnormalities 


S NOUR,* D KUMAR,t AND J A S DICKSON* 
* Paediatric Surgical Unit and {Centre for Human Genetics, Children’s Hospital, Sheffield 


SUMMARY A range of anorectal malformations with sacral bony abnormalities was found in 
members from three generations of two kindreds. The anorectal anomaly was low in all but one 
of the patients. Partial sacral agenesis was the main bony defect in one family, and 
meningomyelocele and spina bifida occulta were noted in the second. The inheritance pattern in 
these kinships is autosomal dominant. This may be a variant of caudal regression syndrome, 
which seems to be aetiologically heterogeneous. 


Anorectal malformations are a group of anomalies 
with an estimated incidence of one in 5000 live 
tirths.! This congenital anomaly can be associated 
with bony defects in the sacrum. The bony defect 
varies from partial to complete sacral agenesis, to 
spina bifida occulta, or meningomyelocele. We 
describe subjects from two families each affected 
with an anorectal anomaly and a bony defect of the 
sacrum segregating in an autosomal dominant 
manner. 

Documentation of these kinships is important in 
view of the clinical and genetic implications. We also 
discuss the aetiological heterogeneity of these con- 
genital anomalies, which may be part of the caudal 
regression or dysplasia syndrome.” 


Subjects 


FAMILY A 
The details of family A (fig 1) were obtained from 


H 





QB Sacra! agenesis or dysgenesis 


ld Q Anorectal anomaly 
Fig! Pedigree of family A. 


the medical records of the paediatric surgical unit at 
this hospital. Two of the six brothers (II.2 and II.3) 
had low anorectal anomalies with partial sacral 
agenesis in one (II.3). Three (II.1, I.4, and II.5) 
had radiological evidence of partial sacral agenesis. 
II.1 also had left hemiparesis and scoliosis. Both 
children of II.4 had low anorectal anomalies and 
partial sacral agenesis. Four of the five children 
fathered by H.5-had low anorectal anomalies (III.4 
and III.7). Radiological examination showed that 
four children had normal sacrums (II1.3, I1.5, I1.6, 
and III.7). The grandparents of these siblings did 
not give consent for radiological examination, but 
have no history of anorectal anomalies or symptoms 
suggestive of any bony defect. 


FAMILY B 

The proband HI.2 (fig 2) was referred for genetic 
counselling because of a low anorectal anomaly and 
a family history of neural tube defects. She also had 
a bicornuate uterus, spina bifida occulta, and a 
duplex left kidney. Her first pregnancy (IV.1) 
resulted in a male infant who died 16 hours after 
birth of complications of a lumbosacral mening- 
omyelocele. Her second son (IV.2) was born with a 
high anorectal anomaly that was treated first by 
formation of a colostomy and then by an anorectal 
pull through operation. Radiological examination 
showed a spina bifida occulta of the upper sacrum. 
The proband’s father (II.4) and mother (II.3) were 
normal. The proband’s only sibling (IIT.3) is in good 
health and has two normal, healthy children (IV.4 
and IV.5). One of the father’s sisters (II.7) died in 
early infancy from complications associated with an 
anorectal anomaly, and a brother (II.9) died at the 


1618 


Anorectal malformations with sacral bony abnormalities 1619 





[z] 


Q Neural tube defect or sacral dysgenesis 


ld Q Anorectal anoma y 
Fig2 Pedigree of family B 


age of 7 hours with an open meningomyelocele. A 
second cousin of IV.2 (IV.6) also had a spina bifida 
occulta of the lower spine. 


Discussion 


Although congenital anorectal anomalies as a group 
are fairly common, there is a wide range of varieties. 
All the patients, except one child, in these two 
femilies had low anorectal anomalities. Partial sacral 
agenesis predominated in the first family, and spina 
bifida occulta in the second family. Meningo- 
myelocele can be anterior and presents as a mass in 
the pelvic cavity. The lack of a positive family 
history of maternal diabetes reduces the possibility 
of an environmental factor for sacral Renes or 
dysgenesis. 

Segregation of the anorectal anomalies and the 
‘partial sacral agenesis in these two kinships is an 
indication of an autosomal dominant inheritance 
with complete penetrance and variable expression. 
Male to male-expression excludes X linked inheri- 
tance. Although there are published examples that 
support the genetic aetiology for anorectal anoma- 
lies and sacral agenesis occurring independently,’ 
concurrent familial occurrence of these two anoma- 
lies is rare. Autosomal dominant inheritance has 
also been proposed for sacral agenesis.* 

Welch and Aterman suggested that the syndrome 
of caudal dysplasia should be distinguished from 
familial sacral agenesis. $ Fellous et al reported an 
association between sacral agenesis and spina bifida 
occulta or aperta, or both, in a five generation 
pedigree, suggesting an autosomal dominant inheri- 
tance. In the same pedigree, segregation and 
linkage studies using a number of genetic poly- 


morphisms, including the human leucocyte antigens, 
favoured a major dominant gene for the sacral 
agenesis in association with spina bifida aperta. 
When examined for spina bifida occulta, the evidence 
in favour of mendelian inheritance was less convinc- 
ing. These authors believe that the major dominant 
gene determining the sacral agenesis is similar to the 
mouse ‘T’ locus, which is the dominant tail length 
determining gene located on chromosome 17 appro- 
ximately 15 cM from the H2 locus. (The mouse H2 
gene complex is equivalent to the human leucocyte 
antigen gene complex on the short arm of chromo- 
some 6.) In mice, unlike humans, it is not the 
dominant mutation ‘T’ but the recessive ‘t’ alleles 
that determine the length of the tail; the dominant 
‘T is lethal in the homozygotes. In some pedigrees 
of familial sacral agenesis, the inheritance pattern is 
autosomal recessive suggesting genetic hetero- 
geneity.’ 

In searching published work we found ily one 
report (by Aaronson in 1970’) who described a 
family with concurrent anorectal anomalies and 
partial sacral agenesis. Similarly, in pedigrees with 
anorectal anomalies segregating in an autosomal 
dominant pattern, we found no evidence of associa- 
tion with sacral agenesis, partial or complete.’ 

That the anorectal anomalies and sacral bony 
defects are aetiologically related may be explained 
on the basis of a defect of the caudal notochord 
during the first few weeks of embryogenesis. An 
incomplete separation may result in a low anorectal 
anomaly, a sacral bony defect, and a presacral mass 
that could be meningocele, teratoma, or duplication 
cyst. © This association .has been called the ‘Curra- 
rino triad’.!' These varieties of anomalies can be 
described under the title of caudal regression 
syndrome. 

In conclusion, the two kinships described in this 
paper provide strong evidence of an autosomal 
dominant pattern for the combined anorectal and 
sacral bony defects. It is important to obtain 
radiographs of the lumbosacral spine in all babies 
with anorectal anomalies. Partial sacral agenesis 


_ may explain incontinence of urine and stool ir 


patients with low anorectal anomalies. We believe 
that genetic counselling is likely to offer help anc 
advice to families with such a group of anomalies. 
and clinicians should be aware of the association 
between anorectal malformations and partial sacra. 
agenesis and its dominant pattern of inheritance. 
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SUMMARY A survey of 57 neonatal units in the 
United Kingdom showed considerable disparity in 
iron supplementation policies for preterm low birth- 
weight infants. 








The ‘ideal’ intake of iron for low birthweight infants 
has not been established. To determine the variation 
in policies for iron supplementation we investigated 
current practices for supplementation of low birth- 
weight infants in some neonatal units in the United 
Kingdom. 


Methods 


One neonatal unit from each regional health author- 
ity and all units attached to medical schools in the 
United Kingdom’ were questioned about their 
policy on iron supplementation for low birthweight 
and preterm infants. 


Results 


Fifty seven units (80% of those approached) 
responded: 31 from teaching hospitals and 26 from 
district general hospitals. Four units, all from 
teaching hospitals, gave no routine supplements, 
otherwise there were no differences in the policies of 
teaching and non-teaching centres. 


SELECTION 

In 28 units gestational age was the criterion for sup- 
plementation: 22 units supplemented infants of less 
than 36 weeks’ gestation, four selected those below 
35 weeks, and one each used gestations of less than 
34 weeks and 32 weeks. Thirteen units used birth 
weight as the criterion, with a variety of thresholds 
from 1500 g to 2500 g. Eleven units used a combina- 
tion of these age and weight criteria. One unit sup- 
plemented every infant admitted to it. 


TIME OF STARTING 

Three units began supplements at 14 days postnatal 
age, 11 at 21 days, 24 at 28 days, nine at 42 days, and 
two units waited until eight and 10 weeks respec- 


-h «A 


No of units prescribing 





None 1 3 5 7 9 11 13 151719 21 23 25 27 
Initial dose of elemental iron (mg) 


Figure Initial dose of elemental iron prescribed 
(I mg=18 umol of iron). 


tively. Criteria such as achieving feeds every four 
hours or a postconceptional age of 36 weeks were 
used by three units. One centre introduced extra 
iron at 14 days in infants of birth weight greater than 
1200 g and at 28 days in lighter infants. 


DOSE 
Forty seven units prescribed a constant dose of iron 
irrespective of the weight or postconceptional age of 
eligible infants (figure); there was a nine fold varia- 
tion in dose among these units (54-4923 umol! daily). 

Of six units not shown in the figure, one adjusted 
the dose according to postnatal age and five accord- 
ing to body weight, either from the onset of supple- 
mentation or at discharge. These doses ranged from 
16-107 wmol/kg/day. 

There was no difference in the time of introducing 
supplements between units using higher or lower 
doses. 


DURATION 

Twenty one units advised that supplements should 
be continued until 6 months, and six until at least 
1 year of age. Nineteen units recommended supple- 
mentation until the introduction of ‘mixed feeds’ or 
until the infants were ‘fully weaned’. These latter 
terms were not defined. Most units thought that 
supplements were continued until around 6 months 
of age. Other criteria for stopping extra iron 
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included reaching postconceptional ages rarging 
from 40 to 48 weeks or discharge. 

Many units stressed that they were not abie to 
verify whether their advice was being followed in the 
community. 


IRON PREPARATIONS 

Twenty four units used sodium ironedetate; nine 
prescribed polysaccharide-iron complex; eight fer- 
rous sulphate; six ferrous fumarate; three ferrous 
succinate; two ferrous glycine sulphate, and one unit 
used ferric ammonium citrate. 


Discussion 


Despite the difficulties of formulating a policy for 
such a heterogeneous group, expert committees 
have produced similar recommendations for roctine 
iron supplementation of low birthweight and pre- 
term infants which at least provide a reference for 
practice. 2 None the less there is considerable varia- 
tion in such practices among neonatal units in the 
United Kingdom. 

Low birthweight infants depend | on dietary iron 
- because of their limited iron endowment at birth and 
high requirements for growth. Without adequate 
exogenous iron, a 1000 g infant will become iron 
deficient by the time of doubling its birth weight? A 
daily intake of 36 umol/kg elemental iron, however, 
was sufficient to prevent iron deficiency in non- 
transfused infants of birth weight 1000-2000 g who 
were receiving minimal dietary iron.? 

During the changes of iron and haemoglobin 
metabolism of the first-six to eight weeks of life, iron 
supplementation may not be needed? *; furthermore 
at this time significant extra iron may be obta:ned 
from blood transfusions. Two units who prescribe 
no routine iron supplements maintain haemoglobin 
concentrations with transfusions. 

A total daily iron intake, from all sources, of 36- 
54 pmol/kg, with a maximum of 270 umo! elemental 
iron has been recommended for low birthweight 
infants, by 6-8 weeks of age. 

Human milk alone, despite the more efficient 
absorption of its iron? cannot meet these re- 
commendations, but iron fortified formulas may do 
so thereby obviating any need for supplements. 


However only four units commented that their 
supplementation policies differentiated between 
breast fed and formula fed infants. 

At least seven units give more than the recom- 
mended upper limit of iron,” and some excéed the 
supplement (72 umol/kg/day) advocated by Siimes 
and Jarvenpaa.® 

Thus taking the extremes of feeding and spole 
mentation practice, the total iron intakes of an. 
infant weighing 1500 g at birth could range from 0-3 
to 20-1 mmol during the first two months of life. 
Postponing the introduction of supplements until 6- 
8 weeks of age and adjusting the dose according to 
body weight may avoid the theoretical risk .of iron 
overload, but may cause difficulties in impleménta- 
tion, particularly after discharge: As mixed feeding 
may not provide adequate iron until 12-15 months 
of age it is suggested that supplements may be 
required until this time.” 

Detailed evaluation of these different policies 
with more prolonged infant follow up -would be 
néeded before the clinical implications of this vari- 
ability in iron supplementation are known. 


We thank the units who helped in this survey, and the Grampian 
Area Health Board Medical Endowment Funds, and Nutricia for 
financial support. ` 
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SUMMARY Five children with atrial isomerism de- 
veloped intestinal obstruction caused by malrotation 
of the gut. Other than asplenia, the extracardiac 
anomalies in these syndromes are rarely regarded as 
important as the outcome after intestinal surgery is 
poor. As cardiac treatment improves, early inves- 
tigation and intervention for intestinal symptoms 
becomes more, important. 








Children with atrial isomerism usually have other 

'. severe cardiac abnormalities that dominate their 
clinical presentation. Associated thoracic and 
visceral heterotaxia were originally recognised ai 
necropsy and have been described as ‘the cardio- 
splenic syndrome’.! Apart from asplenia, however, 
tne visceral abnormalities have been considered 
predominantly of pathological interest. We report 
five patients with atrial isomerism and severe 
cardiac disease in whom the clinical course was 
complicated by intestinal obstruction caused by 
malrotation of the gut. 


Table Five cases of atrial isomerism with intestinal matrotation 


Patients 


Between 1980 and 1988 five patients with atrial 
isomerism developed intestinal obstruction as a 
result of malrotation of the gut; details of the 
individual cases are given in the table. All five 
started vomiting within six weeks of birth; the vomit 
was bile stained in four, the fifth having pyloric 
atresia as well as malrotation, and all required 
operation to relieve the obstruction. Two children, 
both without spleens, died of septic complications 
within three weeks of operation. One had a further 
episode of intestinal obstruction caused by adhe- 
sions at the age of 14 months and died six months 
later from his cardiac disease. Another died of 
bronchiolitis and cardiac failure at 11 weeks of age. 
One child remains well at the age of 8 years on long 
term treatment with antibiotics after one abdominal 
and three cardiac operations. 


Discussion 


Right atrial isomerism with asplenia is reported to 





Birth ` 





Cese Sex Gestation Cardiac anomalies Visceral anomalies Operations Outcome 
No (weeks) weight ` 
Pad (8) 

1 Male 42. 3770 Left atrial isomerism, double outlet right Symmetrical liver, gall bladder in midline, Pulmonary banding, Died at 20 months, 
ventricle, bilateral superior vena cava, spleen on right and splenunculus, ligation of ductus, cardiac failure - 
complete atrioventricular septal defect, duodenojejunal flexure to left of Ladd’s procedure, 
patent ductus arteriosus midline, Ladd’s transduodenal band, duodenal fixation 

colon on right 

2 Female 34 1880 Double inlet left ventricle with double Spleen absent, stomach on left, pyloric Gastroduodenostomy, Died at 14 days, 
outlet, right atrial isomerism, atresia, duodenum and duodenojejunal gastrostomy septicaemia 
pulmonary atresia flexure to right of midline, caecum in 

g midabdomen, complete malrotation 

3 Male 38 1740 Right atrial isomerism, complete Symmetrical liver, gall bładder in midline, Ladd’s procedure ileal Died at 26 days, 
atrioventricular septal defect with absent spleen, portal vein anterior resection, split necrotising 
common atrioventricular valve, patent to first part of duodenum, malrotation ileostomy enterocolitis 
ductus arteriosus, pulmonary atresia with common mesentery, meconium 

ileus, microcolon, perforated terminal 
ileum 
Male 38 3080 Dextrocardia, left atrial isomerism, Situs inversus, symmetrical liver, spleen Ladd’s procedure, Died at 11 weeks, 
complete atrioventricular septal defect present, malrotation with Ladd’s pulmonary banding cardiac failure. 
transduodenal band bronchiolitis 
5 Male 41 4220 Right atrial isomerism, double outlet Spleen absent, symmetrical liver, gall Right Blalock shunt, Well at 8 ycars 


right ventricle, complete 
atrioventricular septal defect, 
pulmonary atresia 


bladder on right, portal vein and 
common bile duct anterior to first part 
of duodenum, Ladd’s tranduodenal 
band, malrotation with common 
mesentery 


Ladd’s procedure, 
left Blalock shunt, 
Waterston shunt 
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represent 1% of congenital heart disease.! Dean- 
field et al found a 10% incidence of thoracic 
heterotaxy in children admitted to a cardiac unit,” 
and thoracic heterotaxy is thought to be more 
commonly associated with atrial isomerism than 
visceral heterotaxia. In studies of large numbers of 
cases severe cardiac disease still dominates the 
picture of atrial isomerism and, although recog- 
nised, extracardiac abnormalities are rarely re- 
ported as causing clinical problems.? Rose et al, in a 
study of 60 patients with atrial isomerism, noted 
only two patients with appreciable gastrointestinal 
abnormalities other than asplenia.4 Moller et al, 
hewever, found that malrotation was always present 
in children with congenital heart disease who also 
had asplenia or polysplenia, though it occurred in 
less than 1% of cases in which the spleen was 
normal. Freedom concentrated on extracardiac 
problems and, in 23 cases, found 25% with impor- 
tant gastrointestinal and genitourinary anomal:es.° 
Three patients in his series presented with intestinal 
obstruction: two each had an annular pancreas and 
one had congenital fibrous bands. No child in his 
series with malrotation presented with obstruction. 
Our collection of five children all had visceral 
heterotaxia and developed clinical intestinal ob- 
struction. All had malrotation and four required 
division of Ladd’s transduodenal band. Two had 
other appreciable gastrointestinal abnormalities -hat 
probably contributed to their deaths, but—as might 
be expected—intestinal operations seem to carry 
much greater risks in this group of children than in 
thcse with normal hearts. The poor survival in this 
grcup confirms other reports,’ but one child remains 
` weil at the age of 8 years on long term treatment 


Comforters and night waking 


with antibiotics. Antipneumococcal vaccine is no 
use in congenital asplenia until the age of 2 years, 
but lifelong prophylaxis with half doses of phenoxy- 
methyipenicillin is recommended. These children 
present early with serious cardiac problems, 
although in our unit antenatal diagnosis is becoming 
increasingly common. As treatment of these cardiac 
problems becomes more successful, the extracardiac 
associations become more important. Thus the 
occurrence of gastrointestinal symptoms (particu- 
larly bile stained vomiting) in infants with atrial 
isomerism warrants early investigation and consider- 
ation of operation. 
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SUMMARY Among 320 low birthweight infants seen 
at mine months post term those using a soft object, 
thumb, or fingers as comforter were significartly 
less likely to wake at night (9/96, 9%) than those 
with no comforter or using a dummy (66/224, 29%). 
Dummy users were as likely to wake (27/93, 29%? as 
those without a comforter (39/131, 30%). 





One of the commonest reasons for parents to seek 


professional advice is that their child wakes them at 
night. Sleep disturbance can cause serious family 
problems and many strategies have been advocated 
to alleviate the problems.’ One of us (CJM) 
observed that children who were able to soothe 
themselves with a thumb or cloth were least likely to 
wake their parents at night. 

In a survey of 3 year old children, Graham and 
Boniface” found that children who used an ‘attach- 
ment object’,> settled to sleep more easily than 
those without one (p=0-07), but they found no 
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Table 1 Frequency of night waking and use of comforters 





Type of comforter 








None Dummy Thumb or fingers Soft object 
Total No 131 93 72 24* 
No (%) not waking 92 (79) 66 (71) 64 (89) 23 (96) 
No (%) waking once 24 (13) 14 (15) 3 (4) 0 
No (%) waking twice 
or more 15 (12) 13 (14) 5 (7) 1 (4) 





*Of the 24 infants categorised here as using a soft object, eight also sucked their thumb and two also used a dummy. None of these 10 


children was waking at night. 


relationship between thumb sucking and ease of 
settling. Passiman found that the security blanket 
was as effective as the mother in inhibiting moderate 
distress.“ 

This study was planned to explore the association 
between comforter use, comforter type, and night 
waking. 


Patients and methods 


Altogether 320 low birthweight infants who were 
seen at nine months post term were enrolled in this 
study. They were from two centres (Cambridge and 
Kings Lynn) of a five centre feeding trial on infants 
with birth weights under 1850 g, born during the 
period 1982 to 1984. Social class, mother’s education, 
and birth rank were coded as described elsewhere.’ 
Extensive obstetric and neonatal data were recorded, 
the latter prospectively. . 

The children were seen (by RM) at nine months 
post term. Parents were asked how often the child 
woke at night and needed attention. Where this was 
variable, the average over the previous week was 
calculated and rounded up to the nearest integer. A 
child waking less than once a week or only when 
unwell was categorised as not waking. Parents were 
also asked whether the child had a comforter 
without which he did not settle to sleep. Comforters 
were categorised as a dummy, a special soft object, 
(cloth or soft toy), thumb, or fingers. We have 
examined for an association between the use of a 
comforter and night waking. 

Statistical analyses were performed using the %? 
test. 


Results 


Of the 320 children, 131 (41%) used no comforter, 
93 (29%) used a dummy, 24 (7-5%) a special soft 
object, and 72 (22-5%) used thumb (n=61) or 
fingers (n=11). Two of the children using a soft 
object also used a dummy and eight were also thumb 


Table 2 Comforter use and neonatal and social factors 





No comforter Used thumb, 





or used finger, or 
dummy Soft object 
Total No 224 ` 96 
Mean (SD) birth 
weight (g) 1343 (320) 1365 (294) 
Mean (SD) gestation (weeks) 30-6 (2-8) 30-7 (2-4) 
No (%) boys 98 (44) 48 (50) 
No (%) first child 128 (57) 59 (61) 
No (%) social class 1 or 2 49 (22) 25 (26) 
No (%) of mothers who chose : 
to express breast milk 157 (70) 69 (72) 





suckers. Altogether 75 (23%) were waking once or 
more at night and needing attention (range one to 
eight times). 

Table 1 shows the association between night 
waking and type of comforter. Children using a soft 
object, thumb, of fingers were significantly less 
likely to wake (9/96,9%) than those having either no 
comforter or a dummy (66/224, 29%; p<0-0005, by 
x’). Waking was least common in those using a 
special soft object (1/24, 4%), though they did not 
differ significantly from the thumb or finger suckers, 
with 8/72 (11%) waking. 

We considered the possibility that these two 
groups (those with no comforter or using a dummy 
compared with those using a soft object, thumb, or 
fingers) might differ in respect of social, obstetric, or 
neonatal factors, which could themselves be 
independently related to waking at night. Results of 
some analyses are shown in table 2. No associations 
were found with type of comforter or with night 
waking. The only factor significantly associated with 
waking was whether or not the child used a soft 
object, thumb, or fingers as a comforter. 


Discussion 


Our study demonstrated a strong association 
between use of a comforter and night waking at nine 
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months.post term. Those children who sucked their 
thumb or fingers or used a soft attachment object 
woke significantly less at night than the others (9% 
compared with 29%). Waking was least common 
(4%) in those who used a soft object, either alone or 
with another comforter. Dummy users were as likely 
to wake as those with no. comforter. 

In this group of low birthweight infants, 23% were 
waking and needing attention at night. This is 
comparable with studies on term infants that showed 
that 30% of 3 month old infants were waking, as 
were 20% of 1 to 2 year olds.! : 

The majority of children here (77%) did not 
disturb their parents at night. Video recordings have 
shown that many infants wake and fall asleep gain 
without needing attention. One explanation for our 
findings would be that in the group of-children who 
needed comforting to settle again at night, some 
were able to soothe themselves with a thumb or 
attachment object (which Bowlby regarded as sub- 
stitutes for the mother), whereas the others required 
parental attention. Children who use effective 
comforters, however, may be intrinsically different 
and less likely to wake at night. Dummies were not 
effective in respect of night waking; we suggest this 
may be because they are easily lost. 
` Winnicott’s work would suggest that, like thumb 
sucking, use of a ‘transitional object’ is spontaneous 
and cannot be deliberately initiated by parents.® 
However, there is no evidence on whether constantly 
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SUMMARY An association between acute trans- 
‘verse myelitis and psittacosis in a teenage boy is 
described. Closer collaboration between doctors 
and vets might have made the diagnosis sooner. A 
_full paediatric history should include detaiis of 
contact with pets and other animals. 








Sudden onset of paraparesis is uncommon in chil- 
dren; the differential diagnosis includes trauma. vas- 
cular malformation, Guillain-Barré syndrome, 
transverse myelitis, or cord compression. Psittacosis 
has been implicated in the Guillain-Barré syndrome 
in four reported cases,! but we are unaware o? any 
published association between psittacosis and acute 
transverse myelitis. 


providing a particular cloth might encourage a child 
to develop an attachment to it. Conversely, the 
extent to which parents can discourage attachment 
object use, when they dislike the practice, is not 
known. If further research indicated that use of a 
special soft object could be encouraged and could 
decrease night waking, this might prove to be of 
considerable value in families where there has been 
a problem with sleep disturbance. 


We thank Madeleine Davis for helpful comments and Farley 
Health Products Ltd for financial support. 
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myelitis 


Case report 


A previously healthy 15 year old boy developed 
coryza and sore throat followed by a productive 
cough with purulent sputum. Eight days later he 
developed sudden onset of paraesthesia and leg 
weakness. On arrival at hospital three hours later he 
had weak flexion and extension of hips and knees, 
with a flaccid paralysis below the knees, and absent 
lower limb reflexes. Abdominal rẹflexes were pre- 
sent. Sensation (including proprioception and vibra- 
tion) was impaired below L2. 

Over the next six days he developed complete loss 
of sphincter control and his sensory deficit extended 
to T11. He also developed severe back and abdomi- 
nal pain that required pethidine for two weeks. 

Haemoglobin concentration, white cell count, and 


sedimentation rate were normal. His cerebrospinal 
fluid contained polymorphs at lul with a protein 
content of 0-42 g/l, and a normal glucose concentra- 
tion: No bacteria were grown. Spinal radiography 
and myelography gave normal results. Paired sera 
showed low or absent titres with no rise in anti- 
bodies against measles, rubella, varicella, mumps, 
herpes, cytomegalovirus, or Epstein-Barr or polio 
viruses. Tests for syphilis were not done. 

He made a very slow recovery complicated by 
painful muscle contractions and segmental hyper- 
aesthesia, which, together with urinary inconti- 


nence, contributed‘to a reactive depression. Eight ` 


months after onset, while still in hospital, he became 
profoundly preoccupied with his own death, which 
he was convinced would be imminent ‘because that’s 
what happeried to the birds’. 

It transpired that his father, a bird fancier, had 
lost two budgerigars and 10 racing pigeons during 
the previous year. All had developed a clinical syn- 
drome of ataxia and limb paralysis, followed by 
` death. The patient strongly disliked the birds and 
‘had expressed this in a direct adolescent manner. 

Hence he was given the household chore of cleaning 
out the bird cages. The parents had not considered 
the birds’ deaths to be relevant to the boy’s illness, 
nor had they mentioned his paralysis to their vet! 
The vet had diagnosed paramyxovirus infection 
{there was a ‘national epidemic affecting similar 
birds) and provided vaccine for the remaining birds. 
Although birds continued to die, the family did not 
consult the vet again. 

. Necropsies of both a paralysed and an unaffected 

pigeon showed psittacosis in the affected bird. The 
patient’s acute phase serum was now no longer 
available but serum taken at this time (that is, eight 
months after onset) had a psittacosis titre (comple- 
ment fixation test) of 1 in 64. Repeat titres 24 
months after onset were neglible. Psittacosis anti- 
bodies in the rest of the family were undetectable. 

Two years on the patient has recovered some 

mobility and sphincter control, but still has dimi- 
nished power in both legs, residual left foot drop, 
and considerable frequency of micturition. He now 
attends college full time in a wheelchair. No further 
improvement is expected as maximum recovery 
usually occurs in the first six months.” > 


Discussion 
The association between the transverse myelitis and 


psittacosis in. this boy is strong. It is not always easy 
to differentiate between transverse. myelitis and 


Guillain-Barré syndrome but severe backpain, loss: 


of sphincter control, and a clear sensory level made 
the distinction here.? 4 
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The evidence for a coexisting psittacosis infection 
at the onset of his illness could be questioned. A 
four fold increase in psittacosis complement fixation 
titres in the acute phase or a four fold decrease in 
titres in the late convalescent phase and/or comple- 
ment fixation titres of 1 in 64 or more, are con- 
sidered to indicate infection with Chlamydia 
psittaci.’ ® 

Psittacosis titres were not assayed in the acute 
phase but a chest infection at onset and an antip- 
sittacosis titre of 1 in 64, eight months after his last 
exposure to infected pigeons, which dropped to 
unrecordable levels 24 months later are consistent 
with this diagnosis. It is possible, though unlikely, 
that the paralytic illness could have been avoided 
had an association been made between his 
respiratory symptoms and the birds’ illness. The 


-family consider themselves fortunate that no-one 


else was affected and they have destroyed the 
remaining birds. 

Psittacosis was thought to arise from the psittacine 
family of birds only but it can arise from other birds 


‘and is now alternatively termed ornithosis. As it can 


also arise from other animals,° we have reverted to 
the more established name here. Affected birds 
characteristically show fluffed feathers, beak dis- 
charge, and diarrhoea but ducks and pigeons man- 
ifest an ataxic syndrome. The infectivity of different 
birds to man is striking: pigeons are poorly infective 
while parakeets (including budgerigars) are highly 
infectious. Humans are usually infected by the air- 
borne route and the main symptoms are respiratory. 
Extrapulmonary manifestations include myocardi- 
tis, nephritis, thrombophlebitis, and mening- 
oencephalitis: patients may be grossly disorientated 
or semicomatose often with features suggesting ` 
pyogenic meningitis. Severe diffuse headache is 
usually present. Children and adolescents have a 
milder and less specific illness so the diagnosis may 
be overlooked. a 

Psittacosis is one of the. commonest zoonoses. 
Most wild urban birds are infected and the level: of 
risk of human exposure may be underestimated. In 
puzzling or bizarre illnesses it is important to inquire 
about pets, animal contacts, and hobbies. Others 
have stressed the importance of maintaining close 
links between doctors and. vets. This admonition 
clearly applies even in urban practice. 


We would like to thank the many colleagues who have given advice 
and assistance, particularly Dr TH Flewett, East Birmingham 
Hospital; Dr P Hunt, Public Health Laboratory Service; Dr I Craig 
and Dr L Williams, Selly Oak Hospital, and Mr R Parker, 
veterinary surgeon. 
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Urge syndrome and urge incontinence 
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Diurnal enuresis is still the common denominator 
for children who wet their pants. A closer look at 
children with daytime wetting, however, shows that 
there are two distinct categories: one with classic 
diurnal enuresis and normal bladder function, and 
the other with urinary incontinence caused by an 
‘urge syndrome’, with bladder sphincter dysfunction, 
and a conspiciously high incidence of recurrent 
urinary tract infections. 

Overactivity of the detrusor and urethral muscles 
is now an established cause for bladder sphincter 
dysfunction in children, and it is usually associated 
with symptoms such as urgency, frequency, daytime 
wetting, and urinary tract infections.” The symp- 
toms of dysfunction induced by overactivity have in 
the past been blamed on either the detrusor muscle 
or the urethral closure mechanism, resulting in two 
different concepts of diagnosis and treatment.® 
Cystometric findings of uninhibited detrusor activity 
in children with recurrent urinary tract infections 
and urge syndrome were interpreted as persistent 
infantile bladder, occult neuropathic bladder, or 
isolated or subclinical neurogenic bladder. Accord- 
ingly, treatment consisted of rehabilitation pro- 
grammes and anticholinergic drugs. Cystoscopy and 
voiding cystourethrography, on the other hand, 
showed abnormalities that were labelled as wide 
bladder neck anomaly or ‘spinning top’ urethra, 
distal urethral stenosis, external sphincter spasticity, 
or sphincter dyssynergia, popularising the concepts 
of urethral dysfunction and stenosis, and of urethral 
dilatation or urethrotomy as methods of treatment. 

Urodynamic studies showing the interaction be- 
tween bladder and sphincter muscles by simulta- 
neous registration of bladder pressure and urethral 
sphincter activity at first added even more labels to 
the two controversial concepts, and widened the 
range of possible treatments. Recent reviews’ ê 
support the idea that most labels can be brought 
down to patterns of bladder sphincter overactivity: 
in one pattern, strong uninhibitable detrusor con- 


tractions give rise to urgency and frequency early in 
the filling phase; in the other pattern, incomplete 
relaxation of striated urethral and pelvic floor 
muscles interrupts actual voiding and causes a 
staccato urinary flow. 

As these patterns of bladder sphincter over- 
activity are detectable with urodynamic techniques 
we decided to investigate prospectively a selected 
group of children of school age whose presenting 
symptoms were persistent daytime wetting, urgency, 
and frequency. 


Patients 


Ninety girls and three boys with urge incontinence 
and recurrent urinary tract infections were studied. 
They were referred after the failure of previous 
attempts at treatment to a combined service of the 
departments of paediatric nephrology and child 
psychology in our University Children’s Hospital. 
For every child a documented history of urinary 
tract infections was available; all the children had 
had full uroradiological investigations (excretory 
urography and voiding cystourethrography), and all 
results were available for review. Our part of the 
comprehensive evaluation consisted of psychological 
interviews of children and parents, of elaborate 
history taking with emphasis on voiding habits and 
urge, and of urodynamic studies. 

Each urodynamic investigation consists of simul- 
taneous recording of the bladder pressure, abdo- 
minal pressure, electromyographical activity of the 
external anal sphincter, and urine flow rate. Several 
recordings are made, both during filling of the 
bladder and emptying of the bladder, without 
anaesthesia or sedation. 

Bladder filling and registration of bladder pressure 
are done through one small soft transurethral 
catheter (Charriére size 6). The catheter has a filling 
lumen and a microtransducer at the tip (MTC 
microtip transducer, PPD Hellige). The bladder is 
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filled with a sterile 0-9% saline solution, the filling 
rate not exceeding 15 ml/minute. Abdominal pres- 
sure is registered with a Charriére size 4 catheter 
containing a microtip transducer inserted higk into 
the rectum. The electromyographical signal from 
the anal sphincter (a measure for pelvic floor 
activity) is picked up -with surface electrodes, 
amplified and monitored with an oscilloscope, and 
registered on a chart recorder together with the 
amplified pressure signals. The smallness and ease 
of. operation of the microtip transducers (tog2ther 
with patience on the part of the investigator) are 
prerequisites for successful paediatric urodynamics, 
and when the procedure is properly explained, most 
children tolerate the investigation extremely well. 

At or near the end of the filling phase the child is 
asked to cough, and to change from a supine to 
a standing or sitting position, so that det-usor 
instability may be detected. Bladder emptying is 
recorded with the child in the appropriate voiding 
position. Abdominal pressure is subtracted electron- 
ically from bladder pressure, to differentiate true 
detrusor activity from effects of abdominal straining. 
All events are recorded continuously without having 
to.ask the child to use inappropriate ‘holding 
manoeuvres’ in the important transition phase 
between filling and micturition. Methods, definitions, 
and units conform to the standards recommended by 
the International Continence Society. 


Signs and symptoms 


Characteristically, children with the urge synd-ome 
have sudden. attacks of uninhibitable urge to void, 
inducing forceful compression of the urethra to 
avoid unwanted loss of urine? *7'* Usually the 
first attacks do not occur before the end o? the 
morning. During the course of the day the atzacks 
increase in number as well as in severity. The 
syndrome may have a nocturnal component too, as 
some children also experience sudden urge and loss 
of urine during the night. 

The urge to void comes suddenly and unexpectzdly. 
The sensation is so imperative that loss of urine can 
only be avoided by maximal compression of the 
urethra both by forceful contraction of all pelvic 
floor muscles and by external mechanical compres- 
sion. Every child has his or her own methcd of 
external compression—a common one is squatting 
on one foot, with the heel of the foot agains? the 
perineum. This asymmetrical squat conveys a sense 
ot elegance—it resembles an obeisance and Vincent,” 
who first described it, termed it the ‘curtsey’ sign. In 
assuming this position children often pretend that 
something was dropped on to the floor, or that a 
shoelace had become untied. Compression is sus- 


_ available to prove this postulate. 


tained until the urge to void has passed, which can 
take up to several minutes. : 

Most children do not succeed completely (if at all) 
in countering the imperative need to void with 
external compression of the urethra, and more often 


` than not some urine will escape. This loss of urine is 


involuntary and incomplete; it never takes the 
course of a complete micturition. It is a specific form 
of incontinence—urge incontinence. 


OCCURRENCE ACCORDING TO AGE AND SEX 

The urge syndrome is seldom seen in boys. The 
prevalence in girls aged 4 to 12 years is reported to 
be 1-3/1000. Parents usually state that symptoms 
and signs started around age 4 to 5; parental 
attitudes towards incontinence become less permis- 
Sive at that age, however, and careful questioning 
may discover an earlier age for the first occurrence 
—often in conjunction with the first urinary tract 
infection. . 

Around puberty the prevalence starts to decrease, 
and in adolescence it is low. The ‘female urethra 
syndrome’ might be an adult counterpart of the urge 
syndrome in girls, but prospective studies are not 

Fig 1 shows the age distribution for 93 children 
with urge syndrome all of whom were referred to our 
department of paediatric nephrology because of 
incontinence and recurrent urinary tract infections. 


URINARY TRACT INFECTIONS ; 

The correlation between urinary tract infections and 
the urge syndrome is generally accepted, but hard to 
specify.” 4817 A first infection may mark the 
beginning of a long series of recurrent infections and 
persisting symptoms of the urge syndrome; in other 
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Fig 1 Age and sex distribution of 93 children with urge 


syndrome and recurrent urinary tract infections who were ` 
referred for cognitive bladder training. 


cases, however, recurrent urinary tract infections 
seem to appear only during the course of the 
syndrome. 

Although urinary iract infections may not con- 
stitute the primary cause of the urge syndrome they 
invariably occur in conjunction with the syndrome, 
and have a key role in the persistence and severity of 
its symptoms. It is probably not by chance that the 
prevalence of recurrent urinary tract infections and 
urge syndrome in girls have the same age distri- 
bution. !8 - i 

Asa consequence of this correlation, vesicoureteric 
reflux and reflux nephropathy also have high pre- 
valences in children with urge syndrome.® !° 14 192! 
In the 93 children shown in fig 1, vesicoureteric 
reflux could be documented in 40%, and reflux 
nephropathy in 30% (table 1). The expected cor- 
relation between the grade of vesicoureteric reflux 
and the prevalence of reflux nephropathy was, 
however, conspicuously absent. 


BEHAVIOURAL PROBLEMS 

In children with long standing urge syndromes a set 
of secondary behavioural problems will develop 
(table 1). These problems can be so impressive that, 
at first glance, a child with urge syndrome will be 
diagnosed as having primary behavioural problems 
with ‘psychogenic’ enuresis. Careful questioning 
will show that behaviour in children with urge 
syndrome is usually related to acceptance and 
“understanding of their incontinence problem by 
peers and parents.” 


CONSTIPATION 

An urge syndrome is often associated with persistent 
constipation, sometimes causing faecal soiling and 
spurious diarrhoea. Chronic constipation is often 
associated with urinary tract infections and should 
be looked for and treated in children with urge 
syndrome. l 


Table 1 Incidence of urinary tract infections, ` 
vesicoureteral reflux ana reflux nephropathy, bladder 
sphincter function, and secondary behavioural problems in 
93 children referred with urge syndrome and incontinence 





No (%) 
Urinary tract infections 87 (94) 
Vesicoureteral reflux 37 (401 
Reflux nephropathy 28 (301 
Detrusor overactivity 42 (45) 
Urethral overactivity 28 (30) 
Valsalva manoeuvre 18 (19) 
Normal bladder sphincter function 6 (6) 
Behavioural problems 12 (13) 
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It is not clear whether the constipation is caused 
by the habit of contracting all pelvic floor muscles 
each time an urge to void is experienced. The 
association between chronic constipation and urge 
syndrome, first described by Vincent, merits further 
investigation.’ 7° 


Urodynamic findings 


Urodynamic studies in children with urge syndrome 
have made it clear that imperative urge to void coin- 
cides with uninhibited (unstable) detrusor contrac- 
tions, occurring early in the filling phase.” > 7 8 13 14 
Simultaneous registration of bladder pressure with 
electromyographical activity of thé pelvic floor 
shows how children suppress the sudden urge by 
forceful contraction of all pelvic floor muscles, to 
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Fig2 Detrusor overactivity countered by pelvic floor 
contractions (measured by electromyography) in a 

5 year old girl with recurrent urinary tract infections and 
urge incontinence. Detrusor contractions start at bladder 
volume of 55 ml and loss of urine is prevented by forceful 
pelvic floor contractions, resulting in high bladder pressures 
in the filling phase. During voiding bladder pressure. 
remains normal, and after voiding there is a small 

after contraction. Detrusor pressure is bladder pressure 
minus abdominal pressure. 


1632 van Gool and de Jonge 


cause a reflex inhibition of the contractions of the 
overactive detrusor muscle (fig 2). The urge to void 
grows stronger with the amplitude of the detrusor 
ccntraction, and in the end (with each contraction of 
the overactive detrusor muscle against the forcefully 
closed urethral sphincter) bladder pressure will rise 
to a high level. 

In the presence of vesicoureteric reflux these high 
pressure waves will be transmitted to the renal pelvis 
and parenchyma, where they play a crucial role in 
the pathogenesis of reflux nephropathy—either with 
or without urinary tract infections.” The correlation 
between high bladder pressures and reflux nerhro- 
pathy in children without anatomical or neurological 
obstruction of the lower urinary tract has been 
reported previously® "° ‘4 1° and was confirmed by 
recent retrospective studies.’ 7! 

A separate entity in children with urge syndrome 
- is the occurrence of urethral overactivity during 
micturition. Urodynamically it is similar to detrusor 
sphincter dyssynergia’? in neurogenic bladder dys- 
function: urine flow is staccato, interrupted by short 
periods or bursts of pelvic floor activity with 
concomitant peaks in detrusor pressure (fig 3). 
Scme children with urge syndrome have acquired 
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Fig3 ‘Dyssynergic’ voiding: short bursts of overactivi:y of 
striated urethral and pelvic floor muscles (measured by 
electromyography) interrupt the flow of urine in a7 year old 
girl with recurrent urinary tract infections and urge 
syndrome. Steep rises in bladder pressure coincide with 
bursts of electromyographic activity and interruptions of 
urine flow. Detrusor pressure is bladder pressure minus 
abdominal pressure. 





the habit of voiding with abdominal pressure using 
the Valsalva manoeuvre: this too generates repeated 
interruptions of the urine flow through reflex trig- 
gering of pelvic floor activity by each rise in 
abdominal pressure. In these children, cystometric 
bladder capacity may reach high values and they run 
the risk of developing a ‘lazy bladder syndrome’ in 
spite of the fact that they initially had detrusor 
overactivity. 


Treatment 


Long term chemoprophylaxis has a definite place in 
the management of children with urge syndrome: if 
recurrences of urinary tract infections can be avoided 
for a period of six to nine months, the symptoms of 
imperative urge and urge incontinence will diminish 
appreciably—in mild cases they may even disappear. 
The finding of vesicoureteric reflux is of course a 
primary indication for long term chemoprophylaxis. 

Anticholinergic drugs offer little advantage in the 
long run except in mild cases of the syndrome; 
symptoms tend to reappear immediately after dis- 
continuation of the drugs. Anticholinergics such as 
oxybutynin have a more specific action on detrusor 
overactivity, and they seem excellently suited for a 
short term trial, or as an adjunct to other forms of 
treatment. 

Muscle relaxants (for example, baclofen), or a- 
adrenergic blocking agents (for example, phenoxy- 
benzamine), may have a place in the treatment of 
children with urge syndrome and ‘dyssynergic’ 
voiding as they lower overall urethral resistance to 
flow. Long term effects are less promising, however, 
in neurologically normal children with urge syndrome 
than in children with true neurogenic detrusor 
sphincter dyssynergia. 

A more lasting effect can be expected from 
cognitive bladder (re)training, as many symptoms 
and signs of the urge syndrome are rooted in a 
wrong perception of signals from the bladder, 
and—accordingly—on habitual non-physiological 
responses to these signals. Children with urge 
syndrome have to learn again how to recognise the 
first sensations of urge, and how to suppress these 
by central inhibition instead of resorting first of all 
to emergency procedures like urethral compression. 

They also have to learn again how to void with 
a completely relaxed pelvic floor. To achieve 
this, urodynamic signals such as urine flow rate or 
pelvic floor electromyogram can be used as feed- 
back.° ? 22 Feedback during training programmes 
has been termed ‘biofeedback’ by Miller: ‘The use 
of modern instrumentation to give a person better 
moment-to-moment information about a specific 


physiological process, that is under control of the 
nervous system, but not clearly or accurately per- 
ceived.” i 

Since 1980 a programme for cognitive bladder 
training is being used at the University Children’s 
Hospital in Utrecht, with the registration of urine 
flow rate and voided volume serving as the feedback 
(fig 4). The training is organised as a 10 day course, 
and children are admitted to hospital where they are 
supervised by a psychological assistant; the same 
person does the pretraining interviews, supervises 
the course, and carries out the follow up. The 
children are trained in pairs; they are instructed to 
void at the first sensation of urge, and to use the 
fiow recorder for every voiding. This serves to 
record the number of voidings each day, and the 
volumes voided: the number has to decrease and the 
volume increase. The actual flow curve, displayed 
directly on a monitor and printed on paper after- 
wards, tells the chilren how to void with a smooth 
uninterrupted flow: ‘dyssynergic’ voiding or ab- 
dominal straining show immediately, and the print- 
out serves as proof. Medical interventions and 
diagnostic tests are limited to an absolute minimum 
during the training course, and an important part of 
each day is devoted to keep up with schooling. 

Long term results with this programme in a group 
of 93 children (fig 1), all referred for iong standing 
urge syndrome, persistent urge incontinence, and 
recurrent urinary tract infections, are summarised in 
table 2. The non-invasive flow rate recordings made 
during the actual training always confirmed the 
initial diagnosis of detrusor or urethral overactivity. 
In 60% of the 93 children detrusor overactivity, 
‘dyssynergic’ voiding patterns, and concomitant 
urge incontinence disappeared completely without 
recurrences during the follow up period (3-7 (1-4) 
years). Nocturnal wetting, when present, also dis- 
appeared completely. In 22% of the 93 children a 
lasting and considerable improvement was achieved 
in the symptoms of the urge syndrome. Of the 18% 
that could not be cured, one child had structural 





Fig4 Drawing by 7 year old boy of staccate urine flow 
(fout=wrong) and normal urine flow (goed=good). Visual 
perception of urine flow helps children during cognitive 
bladder training, and they also record the number of times 
they void and the amount. 
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Table2 Association between results of cognitive bladder 
training and recurrences of urinary tract infections in 93 
children with urge syndrome and incontinence; mean (SD) 
follow up 3:7 (1-4) years 











Training results Total 
Cured Improved Relapsed 
Urinary tract infections: 
Recurrences 4 12 15 31 
No recurrences 52 8 2 62 
Total 56 20 17 93 


9° =46-7; df=2; p<0-001. 


incontinence caused by incision of the bladder neck 
during an earlier urethrotomy and had to be treated 
by colposuspension; two children had developed the 
‘lazy bladder syndrome’ and were successfully re- 
trained after a period of clean intermittent self 
catheterisation. 

In this selective group of 93 children with long 
standing urge syndrome, recurrent urinary tract 
infections had a key role, with a prevalence as high 
as 94%. Of the group 40% had vesicoureteric reflux, 
and 30% presented with signs of reflux nephropathy 
(table 1). 

During follow up, recurrences of urinary tract 
infections occurred almost exclusively in conjunction 
with complete or partial recurrence of urge incon- 
tinence (table 2). This correlation between recur- 
rences of urinary tract infections and urge incon- 
tinence is significant (x? test, p<0-001). Among the 
children that remained free of urge incontinence 
during follow up, there were almost no recurrences 
of urinary tract infections and chemoprophylaxis 
could safely be discontinued—often after years of 
recurrent urinary tract infections and persistent 
daytime wetting, repeated diagnostic and therapeutic 
procedures such as cystoscopy, urethral dilatation or 
urethrotomy, and numerous patient months of 
antibiotic and chemotherapeutic regimens. In some 
cases the vesicoureteric reflux disappeared. 


Conclusions 


Despite the fact that urge incontinence is quite 
different from diurnal enuresis, most children with 
an urge syndrome are still being labelled as having 
diurnal enuresis.” With such a label these children 
are bound to be referred primarily to general 
practice, child psychology, or even child psychiatry 
for diagnosis and treatment. The assocation of the 
urge syndrome with urinary tract infections and 
vesicoureteric reflux warrants a different approach, 
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and it is worthwhile to revise the definition of 
diurnal enuresis accordingly: incontinence implies 
abnormal bladder sphincter function, enuresis 
denotes wetting without abnormalities of bladder 
sphincter function. Our results with cognitive treining 
indicate that both detrusor overactivity and urethral 
overactivity are to a certain extent results of 
inappropriate learning processes, acutely eggra- 
vated or triggered by urinary tract infections. Pros- 
pective studies will be needed to elucidate fcrther 
the exact role of urinary tract infections in the 
pathogenesis of the urge syndrome. The prevalence 
of uropathogenic Escherichia coli with adherence 
antigens in children with urge syndrome and recur- 
rent urinary tract infections is a promising subject 
for research. Detection of detrusor overactivity 
and. urethral overactivity seems essential m all 
children with vesicoureteric reflux, because of the 
contribution of high bladder pressures to reflux 
nephropathy.® !-** Much could be learned fron the 
incorporation of bladder pressure recordings in the 
radiological diagnosis of vesicoureteric reflux as 
indicated by the lack of correlation between the 
grade of vesicoureteric reflux at standard cystography 
and the prevalence of reflux nephropathy in children 
with urge syndrome. 


Part of this study was supported by a grant (C85.564) from the 
Dutch Kidney Foundation. 
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Cancer is a major cause of morbidity and mortality 
in childhood and affects about one in 650 children by 
the age of 15 years. When survival during the three 
decades 1954-63, 1964-73, and 1974-83 was com- 
pared striking improvements were observed.! For 
all childhood cancers, five year survival increase 
from 21% in the first decade to 49% in the third 
decade. During the first and third decades five year 
survival rates for acute lymphoblastic leukaemie 
increased from 2% to 47%, for Hodgkin’s disease 
from 44% to 91%, for Wilms’ tumour from 31% to 
85%, and for medulloblastoma from 25% to 41%. 

The improved chances of survival have stimulated 

great interest in the effects on the endocrine system 
` and the impairment of growth after radiotherapy 
and cytotoxic chemotherapy for childhood cancer. 

Radiation may directly impair hypothalamic, 
pituitary, thyroid, and gonadal function, or alterna- 
- tively it may induce the development of hyperpara- 
thyroidism, thyroid adenomas, or carcinomas. 
Cytotoxic chemotherapy may damage the gonad and 
both irradiation and cytotoxic chemotherapy may 
interfere with the normal growth of bone. These 
complications of treatment may lead to various 
clinical presentations including short stature, failure 
to undergo normal pubertal development, 
precocious puberty, hypothyroidism, thyroid 
tumours, hyperparathyroidism, gynaecomastia, and 
varying degrees of hypopituitarism. 


Brain tumours 


GROWTH. 

Short stature is a common complication after the 
treatment of brain tumours in childhood. These 
brain tumours include gliomas, ependymomas, and 
medulloblastomas—all lesions that do not directly 
affect the hypothalamic-pituitary axis. The treat- 
ment of these tumours may include operation, 
cranial or craniospinal irradiation, and chemo- 


therapy. The final height achieved by the patients 
may be adversely influenced by a number of factors 
including growth hormone deficiency, impaired 
spinal growth, precocious puberty, chemotherapy, 
malnutrition, and occult tumour. 

The impact of malnutrition and residual tumour 
on growth has not been studied in these children and 
there are few studies of cytotoxic chemotherapy and 
growth retardation. 


GROWTH HORMONE DEFICIENCY 

Irradiation of the hypothalamic-pituitary axis may 
produce a range of pituitary hormone deficiencies 
ranging from isolated growth hormone deficiency to 
panhypopituitarism.? Of the six anterior pituitary 
hormones, the first to be affected by radiation 
damage is always growth hormone, followed by 
gonadotrophin and adrenocorticotrophic hormone 
secretion. The extent of hypothalamic-pituitarv 
dysfunction is dose dependent, growth hormone 
deficiency occurring at lower doses of irradiation, 
and panhypopituitarism after higher doses. The 
speed with which individual pituitary hormone 
deficiencies occur is also dose dependent. The 
higher the radiation dose, the earlier growth 
hormone deficiency will develop after treatment. In 
children irradiated for a brain tumour, a radiation 
dose to the hypothalamic-pituitary axis of between 
2700 and 3500 cGy over three weeks is sufficient to 
produce subnormal growth hormone responses to 
standard provocation tests in most patients within 
two years of radiotherapy. In an occasional patient, 
however, growth hormone deficiency may not occur 
for three to six years after irradiation. 

Both the hypothalamus and the pituitary may be 
directly damaged by irradiation. There are a number 
of studies, -however, which indicate. that the 
hypothalamus is more vulnerable to such damage 
than the pituitary. Therefore the primary patho- 
physiological defect in such children is likely to be 
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subnormal endogenous production of growth 
hormone releasing hormone rather than inadequate 
growth hormone secretion by pituitary somato- 
trophs. Thus if an intranasal or depot preparation of 
a suitable growth hormone releasing hormone 
analogue becomes available, it may prove ideal for 
the treatment of children with radiation indeed 
growth hormone deficiency. 


SPINAL IRRADIATION AND GROWTH 
Children treated for medulloblastomas, ependymo- 
mas, and certain other brain tumours receive spinal 
as well as cranial irradiation. After a dose of spinal 
irradiation of 2700 to 3500 cGy over 22 to 27 days 
spinal growth may be appreciably impaired.* The 
younger the child at the time of irradiation, the 
greater the loss in growth potential—from 9 cm if 
irradiated at 1 year of age, to 5-5 cm at 10 years of 
age. It is likely that these estimates of eventual loss 
in height are conservative figures and furthermore, 
in centres where the spinal irradiation dose is 
greater than that used in the above study, even more 
potential growth may be lost. Much of the impair- 
ment in spinal growth occurs during puberty, 
irrespective of the age at irradiation. Consequently, 
the prognosis for spinal growth in an irradiated child 
who is still prepubertal should not be too optimistic. 


PRECOCIOUS PUBERTY 

Early* or precocious? puberty has been reported in 
‘some children who have received cranial irradiation. 
The onset of puberty at a very young age is, Low- 
ever, rarely seen.: Puberty starts at appreciably 
earlier chronological and bone ages in children with 
radiation induced growth hormone deficiency com- 
pared with children, who have idiopathic growth 
hormone deficiency.” The radiation induced shift in 
the onset of puberty may affect both sexes. The 
clinical implication for the treatment of children 
with radiation induced growth hormone deficiency 
and early puberty is to foreshorten the time avail- 
able for treatment with growth hormone. 


TREATMENT WITH GROWTH HORMONE 

Data about final height in children with radiation 
induced growth hormone deficiency after the treat- 
ment of brain tumours indicate that their growth in 
response to treatment is less impressive than that 
seen in children with idiopathic growth hormone 
deficiency. I have already discussed some of the 
factors such as spinal irradiation and early puterty 
which prevent a better growth response. None the 
less, in the group with cranial irradiation alone, 
treatment with growth hormone prevented further 
loss in height SD scores,° while in the children who 
received craniospinal irradiation growth hormone 


restricted the amount of further loss in height SD 
scores.” 

A further important adverse factor in the height 
prognosis of these children was the time interval 
between irradiation and initiation of treatment with 
growth hormone, which averaged between 5-5 and 
6-7 years. 7 There is little doubt that better results 
would have been achieved if treatment with growth 
hormone had been started earlier. This leads on to 
the fundamental question of when should treatment 
with growth hormone be started? 

There has been a tendency to wait until the child 
exhibits a poor growth rate. Adverse factors, 
however, such as impaired spinal growth and 
cytotoxic chemotherapy, may lead to poor growth 
and—alternatively—early puberty may be 
associated with an ‘apparently normal’ growth rate 
that may give rise to false optimism about the child’s 
height prognosis. 

What, if any, tests of growth hormone secretion 
should be carried out? Lannering and Albertsson- 
Wiklund suggested that 24 hour spontaneous growth 
hormone profiles provide the most useful 
information.® For pragmatic reasons, however, I 
believe that the 24 hour growth hormone profile is 
likely to remain a research investigation, as the 
demands on the laboratory and clinical team make it 
unacceptable as a routirie method of investigation in 
paediatric endocrinology. Furthermore, discordancy 
between physiological growth hormone secretion 
and growth hormone responses to pharmacological 
stimuli is uncommon after the higher doses of 
cranial irradiation used in the treatment of brain 
tumours. The majority of such children will 
therefore show a subnormal growth hormone 
response to an insulin tolerance test as well as 
blunted physiological growth hormone secretion. If 
tests of growth hormone secretion are carried out, 
the insulin tolerance test remains a particularly 
useful investigation in the child who has received 
cranial irradiation. 

The chances of recurrence of a brain tumour are 
greatest within two years of the primary treatment 
of the tumour.” There is no evidence that treatment 
with growth hormone: increases the risk of 
recurrence of a brain tumour in children with 
radiation induced growth hormone deficiency.” One 
reasonable approach therefore would be to treat all 
the children with brain tumours treated by standard 
radiation schedules (including a dose to the 
hypothalamic-pituitary axis in excess of 2700 cGy) 
with growth hormone two years after their primary 
treatment. At this time they would no longer be 
receiving cytotoxic chemotherapy, the chance of 
recurrence of a tumour is low, and it is established 
that most will be growth hormone deficient by this 
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time. This policy would not require routine tests of 
growth hormone secretion. One drawback, 
however, is that a minority of the children would 
receive growth hormone at a time when they had not 
yet developed growth hormone deficiency. 

In practice, I submit the children at our own 
centre to routine annual insulin tolerance test and 
arginine stimulation test from two years after 
irradiation until the decision is taken to start them 
on treatment with growth hormone. Other centres 
may choose different provocation tests and at least 
one centre does not carry out any tests at all, but 
treats all children irradiated for brain tumours with 
growth hormone two years after irradiation. 
Whatever policy an individual centre practices, the 
principle of administering treatment with growth 
hormone earlier in this group of children is central 
to the prognosis of their ultimate height: 


THYROID DYSFUNCTION 

Direct irradiation to the thyroid gland is a consequ- 
ence of the spinal component of craniospinal irradia- 
tion. The two serious complications of radiation 
induced thyroid damage are hypothyroidism and 
thyroid tumours.” 

Hyperparathyroidism may develop many years 
after neck irradiation in adults and, despite the fact 
that this specific complication has not been 
described after irradiation in children, it is clearly a 
possibility. 

Radiation induced thyroid tumours may be 
benign or malignant. Typically there is a long latency 
period between irradiation and the clinical presenta- 
tion with a thyroid swelling. In clinical practice any 
children who have received neck irradiation should 
have their thyroid glands palpated at least once a 
year. Routine use of isotope scanning is not recom- 
mended. 

The degree of thyroid dysfunction after thyroid 
irradiation may range from frank hypothyroidism 
with increased concentration of thyroid stimulating 
hormone and low thyroxine concentration, to 
subtle disturbance with increased thyroid stimulat- 
ing hormone, and normal thyroxine concentra- 
tions. A thyrotrophin releasing hormone test is 
unnecessary. An annual assessment of the basal 
thyroid stimulating hormone and thyroxine concen- 
trations will suffice in children who have been 
irradiated. 

In children with obvious biochemical hypothy- 
roidism, thyroxine replacement is indicated. If the 
only abnormality in the thyroid function tests is an 
increase in the concentration of thyroid stimulating 
hormone, then interpretations in reports about adult 
patients vary between mild hypothyroidism and 
‘compensated thyroid dysfunction’. In the context of 
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. children who have been irradiated, this is an 


academic discussion as treatment with thyroxine is 
indicated for a number of reasons. Firstly, there is 
strong circumstantial evidence that an increased 
concentration of thyroid stimulating hormone may 
increase the risk of thyroid tumours developing in an 
irradiated thyroid gland. Secondly, in a child whe 
may be short for a number of reasons it is important 
to be certain that the child is euthyroid. These 
arguments weigh strongly in favour of early thyrox- 
ine replacement with a dose of thyroxine sufficient 
to restore the circulating concentration of thyroid 
stimulating hormone to within the normal range. 

There is one report that suggests that the inci- 
dence of thyroid dysfunction is significantly greater 
in children who receive cytotoxic chemotherapy and 
craniospinal irradiation compared with craniospinal 
irradiation alone.!! I know of no conclusive 
evidence, however, that cytotoxic chemotherapy 
alone may modify thyroid function. 


GONADAL DYSFUNCTION 

Both the adjuvant cytotoxic chemotherapy and the 
spinal fields of irradiation may damage the gonads in 
children treated for brain tumours. Long term 
follow up in 21 girls and 29 boys who had received 
a nitrosourea—carmustine (BCNU) or lomustine 
(CCNU)—with or without procarbazine has shown 
that there is a high incidence of primary gonadal 
dysfunction.” 13 Both sexes progressed through 
puberty normally with consistently raised basal 
concentrations of follicle stimulating hormone and 
occasionally increased concentrations of luteinising 
hormone. The girls achieved menarche at an 
appropriate age. As adults most of the boys had 
inappropriately small testicular volumes, which are 
likely to be associated with severe oligospermia or 
azoospermia, and infertility. In these children, as in 
those treated for other malignant diseases, gonadal 
damage in prepubertal life may not be associated 
with abnormal gonadotrophin concentrations either 
basally or after gondatrophin releasing hormone 
stimulation; these develop during the peripubertal 
years. 

A sex difference in the reversibility of damage was 
observed. The boys showed no evidence of recovery 
of germinal epithelial function and no deterioration 
in Leydig cell function in a follow up extended to 11 
years. In contrast, several girls who had previously 
been shown to have ovarian damage have continued 
with regular menses and normal follicle stimulating 
hormone and oestradiol concentrations. Although it 
was not known whether these cycles were ovulatory, 
it is likely that these girls had recovered from the 
ovarian damage. The prospects for fertility among 
such girls are good in the early child bearing years. 


1638 Shalet 


As with other cytotoxic combinations, however, 
premature menopause remains a possibility. 

Many of these children have also received cranio- 
spinal irradiation, which results in scattered doses to 
the gonad. In the boys, this results in a small total 
dose to the testis (estimated at 46-120 cGy after a 
fractionated course of total ‘spinal dose 3500 cGy in 
the Manchester centre). This is likely to contritute 
to testicular damage, as seen in individual toys 
treated with craniospinal irradiation but no 
chemotherapy who have developed testicular 
dysfunction." In girls, however, the dose of irradia- 
tion to the ovary may show greater variation. In the 
Manchester centre a total dose in the range 90-1000 
cGy has been estimated to reach the ovary; this may 
contribute appreciably to ovarian dysfunction, 
which may be irreversible. The scattered dose to the 
ovary will differ among treatment centres depending 
on the method of giving the radiotherapy. Hence the 
individual contributions of spinal irradiation and 
cytotoxic chemotherapy to ovarian damage will 
vary.) 


Acute lymphoblastic leukaemia 


GROWTH . 
Much confusion and controversy have been gerer- 
ated over the growth patterns and growth hormone 
requirements of the child with acute lymphoblastic 
leukaemia treated with prophylactic cranial irradia- 
tion and combination cytotoxic chemotherapy for 
several years. Some groups have found no adverse 
effect on final height, while other groups (including 
our own) have noted a modest adverse effect on 
growth,’° but as final height is unknown in most of 
the children, the possibility of impaired pubertal 
growth may mean that final height loss is substan-ial 
in g proportion of children. Finally, there is a third 
group,” who have studied children with acute 
lymphoblastic leukaemia and found a much greater 
retardation of growth. An analysis of the radiation 
schedules and chemotherapy protocols used in the 
different centres has led to some’ understanding of 
the explanation for the differences in height loss 
observed between groups. 

There is in vitro evidence that cytotoxic chemo- 
therapy may effect growth mechanisms and in vivo 


evidence of an effect on growth.'* "7 In the child . 


with acute lymphoblastic leukaemia the duration 
and nature of the combination cytotoxic chemo- 
therapy will influence the growth prognosis. Af-er 
treatment with regimens used in the United 
Kingdom the effects of cytotoxic chemotherapy zre 
likely to be minor, but more intense cytotoxic 
chemotherapy regimens have had a profound impact 
on growth. 


Children irradiated prophylactically for acute 
lymphoblastic leukaemia rather than for a brain 
tumour tend to receive a lower radiation dose to the 
hypothalamic-pituitary axis. Most of the growth 
studies have been carried out in children who 
received a total cranial radiation dose of 2400-2500 
cGy. The incidence of growth hormone deficiency in 
such children will depend on the number of frac- 
tions, fraction size, and duration of the radiation 
schedule. l . 

For a number of reasons the demand. for treat- 
ment with growth hormone is more difficult to 
předict after treatment for acute. lymphoblastic ` 
leukaemia than after a brain tumour. I have already 
discussed the dissimilar growth patterns in children 
with acute lymphoblastic leukaemia studied by 
different groups. In the children with severe growth 
retardation, even though cytotoxic chemotherapy is 
a serious adverse factor, radiation induced growth 
hormone deficiency is common.” It is appropriate 
therefore that most of these children are offered 
treatment with growth hormone whereas I have only 
treated a minority of the children with acute lym- 
phoblastic leukaemia in Manchester.!® The clinical 
dilemma is how to identify the few who should 
receive treatment. We have suggested that those 
children who are below the tenth centile or whose 
growth rate is persistently poor after completion of 
cytotoxic chemotherapy, and who have growth 
hormone deficiency, should receive a therapeutic 
trial of growth hormone." It should be understood, 
however, that this is an. arbitrary definition of 
growth hormone requirement. 

Moell ef al have studied the growth patterns of 
children with acute lymphoblastic leukaemia during 
different phases of childhood.'® Their girls treated 
for acute lymphoblastic leukaemia lost very little 
standing height SD score during prepubertal life, as 
in other studies, but had an attenuated pubertal 
growth spurt. The contribution of growth hormone 
deficiency to the disturbed pubertal growth and the 
effect of treatment with growth hormone to improve 
it, with or without the addition of a gonadotrophin 
releasing hormone analogue to delay the rather 
early pubertal onset in some of the girls, are under 
investigation.!? 

Since 1980 the total dose of cranial irradiation for 
acute lymphoblastic leukaemia has been reduced to 
1800 cGy. There are, however, few detailed studies ` 


‘of growth hormone secretion after this dose and the 


growth data available cover only the first four to five 
years after irradiation.” : 


THYROID DYSFUNCTION 
In the past the prophylactic irradiation of the central 
nervous system for acute lymphoblastic leukaemia 
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included spinal as well as cranial fields. The possibil- 
ity of radiation induced thyroid tumours or thyroid 
dysfunction, therefore, exists as previously discus- 
sed. In recent years children with acute lymphoblas- 
tic leukaemia have not received spinal irradiation, 
and so thyroid damage should not occur. 


GONADAL DYSFUNCTION 

The impact, both transient and permanent, of 
combination cytotoxic chemotherapy on gonadal 
function is totally dependent on the nature and 
-dosage of the drugs received by the child. 

In boys who received cyclophosphamide or 
cytosine arabinoside, or both, as part of their 
combination cytotoxic chemotherapy for acute 
lymphoblastic leukaemia, the germinal epithelial 
morphology was profoundly disturbed.”’ In others 
who did -not receive alkylating drugs or methyl- 
hydrazines, the gonadotrophin and testosterone 
concentrations, and semen analysis, were normal. 
Lendon et al had indicated that the damage to the 
tésticular germinal epithelium was likely to be rever- 
sible and therefore fertility a realistic prospect.” 

In girls the outlook is even brighter, in that 
cytotoxic chemotherapy induced ovarian damage 
has been reported only rarely. Morphological 
studies have shown that the main abnormality is 
inhibition of follicular maturation rather than severe 
depletion of primordial follicles, an observation 
more consistent with reversible rather than with 
permanent functional changes.”' Both boys and girls 
progress through puberty spontaneously indicating 
that gonadal steroidogenesis is adequate. 

Most boys with leukaemic relapse of the testes 
receive direct testicular irradiation with a total dose 
between 2000 and 2400 cGy. The effects of the 
testicular irradiation are dependent on the age and 
pubertal stage of the boy.77*+ The young pre- 
pubertal boy seems most vulnerable to the develop- 
- ment of severe and persistent testicular dysfunction. 
The germinal epithelium is completely ablated in all, 
and Leydig cell function seriously affected in most. 
Increased basal concentrations of follicle stimulating 
hormone and luteinsing hormone will often first 
occur, around the ages of 9 to 10 years. The serum 
testosterone concentration is usually low, which is of 
course normal for a prepubertal boy, but there is an 
inadequate or absent testosterone response to an 
acute bolus of human chorionic gonadotrophin. 
Most boys require androgen replacement to enable 
normal pubertal development to occur. Initiation of 
androgen replacement should be considered around 
12 to 13 years of age, and the requirement will be 
permanent. 

Girls are also susceptible to radiation induced 
gonadal damage during treatment of acute lympho- 
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blastic leukaemia.” In 97 girls treated for acute 
lymphoblastic leukaemia with identical regimens of 
cytotoxic chemotherapy but different modalities of 
irradiation, abnormalities of follicle stimulating hor- 
mone or luteinising hormone secretion, or both, 
were more commonly seen after craniospinal 
combined with abdominal irradiation, than after 
craniospinal irradiation alone. Not surprisingly, 
abnormalities of gonadotrophin secretion were rare 
in the group that received cranial irradiation alone. 
After craniospinal and abdominal irradiation, 
arrested puberty and delayed menarche occurred 
because of the ovarian damage. 


Bone marrow transplantation 


Marrow transplantation has become a life saving 
procedure for an increasing number of children and 
young adults with either non-malignant or malignant 
haematological disorders, in particular leukaemia. 
Follow up studies evaluating growth and develop- 
ment have shown that the delayed effects are related 
to the regimen used for preparation for marrow 
transplantation. Few endocrine abnormalities have 
been observed after regimens containing only high 
doses of cyclophosphamide, but growth disturbance 
and multiple endocrine abnormalities have been 
seen after regimens that include total body 
irradiation.” 

Total body irradiation has been -given in single 
dose exposures of 750 to 1000 cGy, and more 
recently in fractionated exposures of total doses 
ranging from 1200 to 1575 cGy given over three to 
seven days. In a series of 116 children who received 
transplants for malignancy after preparation with 
cyclophosphamide and total body irradiation, 18% 
developed compensated thyroid dysfunction, 11% 
developed hypothyroidism and two children de- 
veloped thyroid tumours four and eight years 
later.” 

As might be expected, there is a high incidence of 
gonadal dysfunction after total body irradiation with 
ablation of the germinal epithelium in the boys and 
irreversible ovarian failure in most of the girls. The 
degree of Leydig cell failure is dependent on the 
pubertal stage of the boy, and whether or not he has 
received previous testicular irradiation. 

Severe growth disturbance is common and may be 
caused by various aetiological factors including’ 
growth hormone deficiency, thyroid dysfunction, 
radiation induced impairment of bone growth, or 
graft versus host disease and its treatment. Growth 
hormone deficiency may occur even if the child has 
not previously received prophylactic cranial 
irradiation.” It is, however, too early to draw 
conclusions about the. beneficial effects of treatment 
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with growth hormone in growth hormone defic:ent 
children after total body irradiation, but there is 
room for optimism. 


Abdominal tumours 


In the past it was more common to find that children 
with malignancies such as Wilms’ tumour received 
whole abdomen irradiation. Gonadal dysfunction 
was common, with azoospermia -and infertility 
resulting from the scatter dose of irradiation to the 
testes, and ovarian failure caused by direct radiation 
damage to the ovaries. In the girls in whom ovarian 
function was preserved the reproductive outccme 
was still poor, presumably as a result of the effects of 
irradiation on the uterus or its blood supply.” 

Fortunately irradiation of the whole abdomen for 
Wilms’ tumour is used much less often now. If 
radiotherapy is given then only the relevant flank is 
treated. Consequently the incidence of ovarian 
failure and azoospermia have been dramatically 
reduced. 

I-radiation, both of the whole abdomen and of the 
flank, will include part of the vertebral column in 
the radiation field. Some degree of skeletal dispro- 
portion and height loss will therefore occur, but this 
is less than that seen after irradiation of the whole 
spine for brain tumours. 


Lymphomas 


Hypothyroidism, compensated thyroid dysfunc- 
tion, and thyroid tumours may occur in children who 
have received neck or mediastinal irradiation for 
lymphoma. 

- In those boys treated with six or more courses of 
MVPP (mustine, vinblastine, procarbazine, end 
prednisolone) or MOPP (mustine, vincristine, pro- 
carbazine, and prednisolone) testicular dysfunction 
is inevitable. 29 The damage to the germinal 
epithelium is severe and seems irreversible, whereas 
Leydig cell dysfunction—if it occurs—is subtle and 
does not prevent the boys from progressing throcgh 
puberty spontaneously. 

Gonadal dysfunction is less common in girls tkan 
in boys but it may occur and, if so, then sex steroid 
replacement may be necessary for pubertal develop- 
mert. It is likely but not proved that ovarian 
function is less vulnerable to cytotoxic’ chemo: 
therapy induced damaged in young girls than in 
adult women in whom the incidence of ovarian 
failure is between 15 and 60%. 


Conclusions 


In this review I have concentrated on the growth and 


endocrine results of the treatment of the more 
common childhood malignancies. Irrespective of the 
primary malignancy, however, the damage is caused 
if the radiation field includes an endocrine gland, 
or if a cytotoxic chemotherapy regimen contains 
gonadotoxic drugs. For instance, if a child is growing 
poorly after irradiation for a rhabdomyosarcoma of | 
the orbit, consider the possibility that an appreciable 
amount of irradiation reached the hypothalamic- 
pituitary axis and caused growth hormone 
deficiency. Alternatively, if a boy has received 
combination cytotoxic chemotherapy for a bone 
tumour and has pathologically small testes, consider 
the possibility that the alkylating agent or cis- 
platinum used in the cytotoxic chemotherapy 
regimen has caused severe damage to the germinal 
epithelium. The first boy may require treatmient 
with growth hormone, while the second will need 
some advice and counselling about his potential 
infertility at the appropriate time. 

All children attending an oncology centre should 
have their standing height, weight, and pubertal 
stage noted at each visit. The measurements should 
be recorded on standard Tanner growth charts. If all 
or part of the child’s spine has been irradiated then 
the sitting height should be measured regularly. 
There are standard charts available for recording 
growth in leg length and sitting height. 

The oncologist can screen for abnormalities of 
thyroid function and morphology, and many 
oncologists will feel competent to titrate the replace- 
ment dose of thyroxine against the clinical state, and 
thyroid stimulating hormone and thyroxine concen- 
trations of the child. 

Growth disturbance and the Hornova manage- 
ment .of pubertal development are much more 
complicated and require expertise in endocrinology. 
The equipment required consists of standing and 
sitting height stadiometers and an orchidometer.. 
The personnel must include an endocrinologist and 
an oncologist. 

The numbers of patients recovering from cancer 
in childhood are growing, and for optimum manage- 
ment every major paediatric oncology service 
should offer a combined clinic at which both the 
paediatric oncologist and the endocrinologist 
contribute. 
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Rewarming infants on a heated 
mattress l 


Sr, 

Sarman et al have shown that a heated, water filled 
- Mattress can provide a superior alternative to ma-ernal 
skin contact, or an incubator, for rapidly attaining and 
maintaining normal body temperature in the low >irth- 


weight neonate.' In this country, where power failures are. 


very infrequent, an electric mattress heater may >e as 
useful and simple a means of ensuring rapid restoration of 
normal temperature in the newborn. . 

To test the effect of such a heater I measured the -ectal 
temperatures of 38 full term infants delivered by uncampli- 
ceted vaginal delivery in cephalic. presentation after 
labours lasting no longer than 10 hours. Two groups of 
infants were studied: 20 born of mothers who had received 
100-150 mg pethidine during the last six hours of labour 
(mean birth weight 3315 g), and 18 who had not (mean 
birth weight 3339 g). Half of these two groups of irfants 
was nursed in a cot with a 40 watt electric heating pad 
(Thermega) beneath the mattress, and half was not. 

All infants were dried and wrapped in two towels 
immediately after delivery before transfer 10 the postnatal 
ward where their rectal temperatures were recorded with a 
mercury thermometer. No toilet was performed but a 
rectal thermocouple (Light Laboratories) was inserted to 3 
cm before infants were rewrapped and left undisturbed for 
the next four hours in a cot in a side room with an ambient 
temperature of 26°C. Rectal temperatures were recorded 
at 1, 2, 3, and 4 hours of age. At 4 hours the rectal 
thermocouple was removed and the infants received their 
first toilet. Thereafter, until 24 hours, when the rectal 
temperature was recorded with a mercury thermometer, 
all infants were nursed without the heating pad. 

The rate of rise of the mean rectal temperature of those 
infants nursed in cots with a heating pad beneath their 
mattress was faster than that of infants nursed without, 
whether or not their mothers had received pethidine 
(p<0-01) (figure). At four and 24 hours there was no 
significant difference between the mean temperatures of 
the four groups of infants. The’ temperature recarded 
between the upper surface of the mattress and the wrapped 

_ infant in a cot containing a heater was 33-4°C and that 
without a heater 34-8°C. ` ; 

This small study shows that an electric undermattress 
heating pad rapidly restores body temperature to normal in 
the healthy neonate, whether or not he or she has >een 
exposed to pethidine in utero. Such a heating pad is safe 
and effective and may obviate the use of a rediant heater to 
diminish loss of body heat from non-asphyxiated inzants 
born of mothers who have received pethidine in labour.2+ 
After prompt drying at birth infants may be safely left 
wrapped and undisturbed until first toilet at 4 hours of age. 

Such an electric undermattress heater may well prove 


@ Pethidine 

o No pethidine ' 
--- Heater 
— No heater 


Mean (SEM) temperature (°C) 





1 2 3 4 24 
Hours after birth 


Figure . Rectal temperatures of neonates nursed in a cot 
with and without a heated mattress. 


equally effective in the management of the low birthweight 
newborn who does not require nursing in an incubator. 


I should like to thank Dr EN Hcy and the midwives of the Princess 
Mary Maternity Hospital for their help with this study. 


References 


" Sarman I, Can G, Tunell R. Rewarming preterm infants on a 
heated. water filled mattress. Arch Dis Child 1989:64:687-92. 

? Burnard ED, Cross KW. Rectal temperature in the newborn 
infant after birth asphyxia. Br Med J 1958:ii:1197-9. 

? Dahm LS, James LS. Newborn tempcrature and calculated heat 

` Joss in the delivery room. Pediatrics 1972;49:504-13. 

* Smales ORC. Kime R. Thermoregulation in babics immediately 
after birth. Arch Dis Child 1978:53:58-61. 


L T WEAVER 

MRC Dunn Nutrition Unit, 
A Milton Road, 
Cambridge CB4 IXJ 


Cholesterol and diet 


Sir, E 
Dr Tarlow reports that the fat intake of many British chil- Š : 
dren currently exceeds 50% of the total energy of the diet.! 
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The target he sets is 35% of total energy without prejudic- 
ing growth or producing an unpleasant diet. Your readers 
“might be interested in some preliminary findings of dietary 
;Atake at 18 months in a sample of 170 Hong Kong Chinese 


infants who are participating in a longitudinal study of 


“growth and nutritional inter-relationships from birth to 


5 years. be ey 
Fat contributed about 30% of total daily energy con- 

sumption at 18 months. Most infants were then eating a 

diet of rice, fish, meat, and vegetables. Butter and high fat 


- desserts were rarely given and ice cream only occasionally 


consumed. Energy intake was 0-414 MJ/kp/day, very simi- 


‘lar to. energy intake in recent studies from Canadian? 


(0-401 MJ) and Australian? children (0-418 MJ) of the 
same age. Our infants enjoyed excellent health and were 
growing and developing normally. 


In Hong Kong even with its obvious western influences 


the traditional Chinese diet in early childhood is low in 


total fat and cholesterol and saturated fats. As children - 


grow older, however, the situation is likely to change as 
ubiquitous ‘fast foods’ increase their stranglehold on chil- 
dren’s diets. It remains to be seen whether the very low fat 
intake of the early years in any way influences health in the 
long term especially in relation to cardiovascular diseases. 
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Educating medical students about 


death and dying 


Sir, 

I read with interest the article by Black er al, which points 
out the need to address the stressful feelings medical stu- 
dents and physicians: have about dying and death.' The 
authors propose a ‘course with objectives varying from 
identifying the dying patients’ and family needs and their 
dealing with grief. to clearing away barriers, set up by 
physicians surrounding death. A course of this type would 
ao doubt improve a physician’s ability to deal with death 
and dying, and would be helpful to their dying patients and 
heir families. However, I feel the course proposed lacks 
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one more important objective: obtaining permission for a 
necropsy and feedback to the family about the necropsy 
findings. > 

The information gained from a necropsy, and. properly 
presented to the family, may relieve the guilt that is a con- 
sequence of most deaths, provides assurance that the 
patient received proper medical care, and facilitates the 
grieving process.** As Hill and Anderson point out, the 
necropsy not only gives the physician the benefit of learn- 
ing from his or her own experience, but also enables the 
medical student to accept the fact of death as an inescap- 
able part of caring for the sick.* 
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Rise in urea concentration after 
arginine hydrochloride infusion 


Sir, 

In order to test the renal ability of children to acidify their 
urine, an adequate degree of metabolic acidosis is usually 
obtained either by the oral administration of ammonium 
chloride or by the infusion of arginine hydrochloride.! The 
intravenous infusion of arginine hydrochloride—which is 
used also to study growth hormone, glucagon, and insulin 
release? “—has been described as safe and free of im- 
mediate or delayed untoward effects. Transient renal 
dysfunction, hypophosphataemia, and hyperkalaemia have, 
however, been described after arginine administration to` ` 
normal subjects.* ; 

` When reviewing arginine acidification tests performed in 
our clinic, we observed a significant progressive increase 
in plasma urea concentrations in children with normal 
glomerular filtration rate undergoing the test. In seven 
children aged 5 months to 6 years, the intravenous 
administration of arginine hydrochloride (100-150 mmolm? 
over 120-150 minutes) increased mean (SD) plasma urea 
from 5-1 (0-5) to 7-3 (0-6) mmol/l at 60 minutes (p<0-001) 
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and to 9-5 (0-8) mmol/l at 120 minutes (p<0-001) after 
Starting the infusion of arginine hydrochloride. 

The observed increase in plasma urea is likely to be due 
to the cleavage of L-arginine to urea and ornithine 
catalysed in the‘liver by the enzyme L-arginase. This 
enzyme is present in the liver of all ureotelic orgarisms 
and, like most mammalian enzymes, only acts on the L- 
isomer. To test this hypothesis, we measured the chenges 
in plasma urea concentrations occurring in 2ight anaesthe- 
tised and mechanically ventilated rabbits infused with 
either L-arginine or D-arginine at doses ccmparable with 
those used during an acidification test. After the infusion 
of L-arginine (0-05 mmol/kg/minute) in three animals, 
mean (SD) plasma urea rose from 6-4 (2-1) to 7-6 (2-1) 
mmol/l at 60 minutes (p<0-01) and to 8-9 (2:2) mmcl/I at 
12) minutes (p<0-01). By contrast, the infusion o? the 
same dose of the p-isomer in three other rabbits did not 
significantly modify plasma urea (5-9 (0-2) before the 
infusion, 6-0 (0-1) at 60 minutes and 6-5 (0-1) mmcl/l at 
12) minutes). Plasma urea also remained stable in the two 
saline infused control rabbits. 

Our clinical and experimental data thus suggest that 
cleavage of L-arginine to urea and ornithine by the liver L- 
arginase is probably responsible for the increase in plasma 
urza concentrations observed in children infused with 


arginine hydrochloride. The lack of endogenous D-arginase 


` explains the failure of urea to increase after the administra- 


tion of p-arginine. While this rise of plasma urea does not 
have any deleterious effects in children with normal rena’ 
function, it may likely lead to misinterpretation of urea _ 
data collected during an arginine infusion test. 
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ur Atlas of Paediatric Facial Diagno- 

y Trevor P Mann. Pp 195: £70.00 
back. Clinical Press, 1989. ISBN 
3457-001-3. 


s is an atlas with details and photo- 
dhs of 97 different conditions covering 
spectrum of childhood disease past and 
nt. It is the essence of one man’s 
érience and sweet it is too. How much 
'e exciting it proves to be than many of 
syndromal texts that now clutter our 
ves, many of which we buy because 
7 add a few more conditions, data, or 
rences. One does not usually browse 
r such books but here is an exception: 
„One you will buy to read and admire, 
inisce with, and above all teach from. 
he author splits the book into two 
ions, the first to cover neonatal topics 
the second those that make their 
x later on. In the first part 27 condi- 
s are divided under the subheadings of 
, hypothermic states, infections, 
cellaneous disorders, central nervous 
em diseases, and teratological syn- 
ne. Part II lists 70 conditions under the 
ieadings of chromosomal abnormality 
Jromes, connective tissues diseases, 
perine system diseases, inborn errors of 
Rbolism, ‘extinct’? disorders, facial 
norphic syndromes, growth distur- 
ces, infections, miscellaneous dis- 
21s, muscle diseases, nervous system 
ases, and pigmentary disturbances. The 
for each condition is in turn briefly 
arical and then descriptive. The salient 
its that lead to diagnosis are stressed 
spiced with references to the indivi- 
is portrayed. For some of the more 
imon conditions there are relevant but 
tt tables that include lists of causes, 
ical features, investigative signs, pro- 
isive changes, and so on. Three or four 
‘fully chosen references complete the 


here are 315 photographs, mostly in 


colour, to illustrate the text. These are of 
uniformly excellent quality and have been 
carefully chosen to show, often in one 
glance, the salient and distinctive features 
of the condition being described. Some- 
times several pictures of the same face in 
repose, laughter, or tears are used to 
heighten the appearance and signs while 
sequential reproductions reflect the 
changes that take place with growth— or as 
in the child with systemic sclerosis— 
recovery. 

Unfortunately a reviewer can rarely 
expect to find his ideal and perfect book 
and so it is in this case. This one represents 
after all part of one paediatrician’s experi- 
ence and I suspect only a morsel of that, 
with each fragment chosen for the quality 
of the photographs and some particular 
interest to the author. It should not come 
as a surprise that in such an atlas some 
territories are less well charted than others 
and that occasional important place names 
have been left out. Sadly it could not be 
comprehensive. 

Who then will want to buy this expensive 
but beautiful book. The answer is simple— 
it is every paediatrician, regardless of age, 
who can afford it. Those that can’t should 
make doubly sure that their unit has one 
and that is readily available to teachers, 
juniors, nurses, and students alike to learn 
from and enjoy. 


J INSLEY 

CONSULTANT PAEDIATRICIAN 
Children’s Hospital, Ladywood, 
Middleway, Birmingham 


Clinical Pediatric Neurology. By G 
Fenichel. Pp 401: price not stated, 
hardback. W B Saunders, 1988. ISBN 
0-7216-1896-0. 


Dr Fenichel has divided this book into 18 


presenting complaints which provide the 
chapter headings. Monoplegia, disorders 


1645 


of ocular motility, and psychomotor retar- 
dation and regression are typical examples. 
Each chapter has between 40 and 12C refer- 
ences selected for ease of access with 
reviews preferred to original reports. The 
text is followed by an excellent index and 
the whole adds up to 400 pages bursting 
with useful specific clinical information. 

With a single author the book has a 
pleasing consistency of style—which is 
spare and didactic, particularly on manage- 
ment issues. Sometimes brief discussions 
with references will allow the reader a 
chance to form his own opinion from the 
literature. The approach to diagnosis and 
treatment is recognisably transatlantic and 
many British readers will find statements 
with which they disagree. However, I 
found both this different view point end the 
structuring of the subject by symptoms sti- 
mulating. | 

The book refers to many obscure entities 
but ‘infantile bilateral striatal necrosis’, 
“‘Machado-Joseph disease’, and ‘pontobul- 
bar palsy with deafness’ seem more digesti- 
ble when arranged by a prominent present- 
ing symptom than when ranged, as in some 
texts, like dusty curiosities in an anatomy 
museum bearing no relationship to their 
neighbours. This apparent orderliness of 
this book is partly an illusion as many of 
these disorders could equally logically have 
been discussed in other chapters in the 
same book. Nevertheless, one is left with 
an impression of a good deal of accurate 
information and personal experience pre- 
sented in a readable and clinically relevant 
fashion. 

I think that both general paediatricians 
and paediatric neurologists will find this 
book a useful supplement to a disease 
based account of paediatric neurology: its 
stengths tend to lie at the points where 
other texts are weakest. 

C R KENNEDY 
CONSULTANT PAEDIATRIC NEUROLOGIST 
Southampton General Hospital 
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Neonatology—then and now (CHM Walker) 


Deafness in children of very low birth weight 


ALISON D McDONALD 


Paediatric Research Unit, Guy’s Hospital Medical School, London (Arch Dis Child 1964;39:272-7) 


The fact that more. preterm than term babies were 
eventually found to have some degree of deafness was 
recorded at least 10 years before this paper was published. 
This work, however, confirms the fact that the deafness 
was mainly: . 

‘Moderate or severe high frequency loss with never 

more than moderate ‘low frequency loss’. 

Discussion about aetiology until the middle 1960s ranged 
around excessive oxygen administration, infection, st-epto- 
mycin, jaundice, and rubella (the latter two being respon- 
sible in those days for less than 1% of deaf children of 
school age). This study, like most reports of this kind at the 
time, reported the examination of children when deafness 
was detected by the health visitor or school m2dical 
service, therefore it was difficult to attribute cause if there 
had been intercurrent illness postnatally. in infancy, or 
early childhood. McDonald, however, found deafness to 
be related to gestational age of less than 33 weeks and to 
cyanotic attacks in the neonatal period. Nc direct relation- 
ship was found to intrapartum asphyxia, jaundice, or 
‘streptomycin, though it was thought that the condition 
necessitating treatment with this drug may have been 
responsible in a few babies. 
The discussion ends: 

‘It is suggested that asphyxia during the necnatal 

period is responsible for deafness in very immature 

infants, and that the mechanism is neuronal damage 

by hypoxia’. 


Today. We are still trying to determine the exact time at 


which cochlear damage is sustained. With the advent of ` 


atditory evoked brain stem response techniques i: has 
become possible to detect damage in the early postnatal 
period and so to determine to some extent the relative 
importance-of antenatal and postnatal factors. One such 
pctentially dangerous exposure after birth is that of 
incubator noise. Not a great deal of attention has been paid 
to this though, to my-personal surprise, having found some 


incubators with decibel levels surprisingly close to those - 
considered dangerous in industry, this source of damage 
has been exonerated. Ototoxic drugs are still with us, 
though short term exposure and careful dosage should 
prevent injury from these. 

So we are thrown back on intrauterine and immediate 
postnatal factors of which hypoxia, as suggested 25 years 
ago, seems the most likely culprit. Early detection is 
important so that stimulation with- hearing aids can be 
initiated as soon as practicable. As it is unlikely that 
facilities will permit all at risk babies to have evoked 
response testing it is hoped that the acoustic response 
cradle will ‘eventually prove consistently reliable as a 
screening procedure.’ ` 
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Alison McDonald graduated at London University (Royal Free 
Hospital) in 1952, proceeding to MD, Diplomas in Public Health 
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became, in 1964, Associate Professor then Professor in the 
Department of Epidemiology and Health at McGill University, 


“Montreal. In 1978 she returned to London as Professor and Head 


of the Department of Epidemiology, St Mary's Hospital Medical 
School, only to be lost again to Canada in 1981, this time to become 
Professor in the School of Occupational Health where she is still in 
practice. ; . 

Dr McDonald has researched and written on many subjects 
relating to obstetrics and the newborn, particularly with reference 
to congenital defects and developmental problems. She has 
conducted studies of the Canadian Health Insurance Programme 
and is currently engaged in producing a series of papers on the 
effects of work on pregnancy. $ 

No doubt she was one of quite a number of her generation who 
could be called ‘doctors of two (or more) continents’! 
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